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5 An Apparatus and Method And Techniques for Measuring and Correlating 

6 Characteristics of Fruit With Visible/Near Infra-Red Spectrum 

7 rnntimiatiof *" Application 

8 This is a Continuation la Part Application copending from the nonprovisional 

9 parent application 09/524,329 entitled AN APPARATUS AND METHOD FOR 

10 MEASURING AND CORRELATING CHARACTERISTICS OF FRUIT WITH 

1 1 VISIBLE/NEAR INFRA-RED SPECTRUM to Ozanich as filed March 13, 2000. 

12 The applicant requests prosecution pursuant to 37 C.F.R- 1.53(b) and 1-78 and 35 

13 U.S.C. 120. New matter herein is added, for examination convenience, commencing 

14 with page 56 which follows the last line of the Detailed Description of the original 

1 5 application and precedes the claims. Dwi»V an added wauuuu.m »M* rfc. 9 

17 t lit paiml Uuo Urn piulimuiaiilj wuiudul piim lu d t c fii*l offiu, aiti uu, Claim?* 

18 1^ W added a; *u muu.dmuil pii.lUiiimu> U> Jiu C m uffiu, aaiuu. doiim lui . c 

19 uut aJduL in Qua CuuiUiuatiwi - Iif rail AppKuiLiuu Luuunmcin fe wilL iluim 22. 
2Q ffipMnfthe Invention 

21 The present disclosure relates generally to the use of the combined visible and 

22 near infra red spectrum in an apparatus and method for measuring physical 

23 parameters, e.g„ firmness, density and internal and external disorders, and chemical 

24 parameters, e.g., molecules coirtaining O-H, N-H and C-H chemical bonds, in fruit 

25 and correlating the resulting measurements with fruit quality and maturity 

26 characteristics, including Brix, acidity, density, pH, firmness, color and internal and 

27 external defects to forecast consumer preferences including taste preferences and 

28 appearance, as well as harvest, storage and snipping variables. With the present 

29 apparatus and method, the interior of a sample, e*. fruit including apples, is 
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1 illuminated and the spectrum of absorbed and scattered light from the sample is 

2 detected and measured. Prediction, calibration and classification algorithms are 

3 determined for the category of sample permitting correlation between the spectrum of 

4 absorbed and scattered light and sample characteristics, e.g., fruit quality and 

5 maturity characteristics. 

6 Background of the lnventijm 

7 The embodiments disclosed herein has a focus on combined visible and near- 

8 infrared (NIR) spectroscopy and its modes of use, major issues in the application of 

9 NIR to the measurement of O-H, N-H and C-H containing molecules that are 

10 indicators of sample quality including fruit quality and in particular nee fruit quality. 

1 1 Near-Infrared Spectroscopy Background: Near-infrared spectroscopy has 

12 been used since the 1970's for the compositional analysis of low moisture food 

13 products. However, only in the last 10-15 years has NIR been successfully applied to 

14 the analysis of high moisture products such as fruit. NIR is a form of vibrational 

15 spectroscopy that is particularly sensitive to the presence of molecules containing O 

1 6 H (carbon-hydrogen), O-H (oxygen-hydrogen), and N-H (nitrogen-hydrogen) groups. 

17 Therefore, constituents such as sugars and starch (C-H), moisture, alcohols and acids 

1 8 (OH), and protein (N-H) can be quantified in liquids, solids and slurries. In addition, 

19 the analysis of gases (e.g., water vapor, ammonia) is possible. NIR is not a trace 

20 analysis technique and it is generally used for measuring components that are present 

21 at concentrations greater than 0. 1 %. 

22 Short-Wavelength NIR vs. Long-Wavelength NIR: NIR has traditionally 

23 been carried out in the 1 100-2500 nm region of the electromagnetic spectrum, 

24 However, the wavelength region of -700-1 100 nm (short wavelength-NIR or SW- 

25 NIR) has been gaining increased attention. The SW-N1R region offers numerous 

26 advantages for on-line and in-situ bulk constituent analysis. This portion of the NIR 

27 is accessible to low-cost, high performance silicon detectors and fiber optics. In 

28 addition, high intensity laser diodes and low-cost light emitting diodes are becoming 

29 increasingly available at a variety of NIR wavelength outputs. 
30 
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1 The relatively low extinction (light absorption) coefficients in the SW-N1R 

2 region yields linear absorbance with analyte concentration and permits long, 

3 convenient pathlengths to be used. The depth of penetration of SW-NIR is also much 

4 greater than that of the longer wavelength NIR, permitting a more adequate sampling 

5 of the "bulk" material. This is of particular importance when the sample to be 

6 analyzed is heterogeneous such as fruit. 

7 Diffuse Reflectance Sampling vs. Transmission Sampling: Traditional 

8 NIR analysis has used diffuse reflectance sampling. This mode of sampling is 

9 convenient for samples that are highly light scattering or samples for which there is 

10 no physical ability to employ transmission spectroscopy. Diffusely reflected light is 

1 1 light that has entered a sample, undergone multiple scattering events, and emerged 

12 from the surface in random directions. A portion of light that enters the sample is 

13 atso absorbed. The depth of penetration of the light is highly dependent on the 

14 sample characteristics and is often affected by the size of particles in the sample and 

15 the sample density. Furthermore, diffuse reflectance is biased to the surface of a 

16 sample and may not provide representative data for large heterogeneous samples such 

17 as apples. 

1 g While transmission sampling is typically used for the analysis of clear 

19 solutions, it also can be used for interrogating solid samples. A transmission 

20 measurement is usually performed with the detector directly opposite the light source 

21 (i.e., at 1 80 degrees) and with the sample in the center. Alternately the detector can 

22 be placed closer to the light source (at angles less than 1 80 degrees), which is often 

23 necessary to provide a more easily detected level of light. Because of the long sample 

24 pathlengths and highly light scattering nature of most tree fruit, transmission 

25 measurements can only be performed in the SW-NIR wavelength region, unless 

26 special procedures are employed to improve signal to noise. 

27 IWR Calibration: NIR analysis is largely an empirical method; the spectral 

28 lines are difficult to assign, and the spectroscopy is frequently carried out on highly 

29 light scattering samples where adherence to Beer's Law is not expected 
30 
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1 Accordingly, statistical calibration techniques are often used to determine if there is a 

2 relaticmsWp between analyte concentration (or sample property) and instrument 

3 response. To uncover this relationship requires a representative set of "training" or 

4 calibration samples. These samples must span the complete range of chemical and 

5 physical properties of all future samples to be seen by the instrument. 

6 Calibration begins by acquiring a spectrum of each of the samples. 

7 Constituent values for all of the.analytes of interest are then obtained using the best 

8 reference method available with regards to accuracy and precision. It is important to 

9 note that a quantitative spectral method developed using statistical correlation 

10 techniques can perform no better than the reference method. 

1 1 After the data has been acquired, computer models employing statistical 

12 caUbration techniques are developed that relate the NIR spectra to the measured 

13 constituent values or properties. These calibration models can be expanded and must 

14 be periodically updated and verified using conventional testing procedures. 

1 5 Factors affecting calibration include fruit type and variety* seasonal and 

16 geographical differences, and whether the fruit is fresh or has been in cold or other 

1 7 storage. Calibration variables include the particular properties or analytes to be 

1 8 measured and the concentration or level of the properties. Intercorrelations (co- 

1 9 linearity) should be minimized in calibration samples so as not to lead to false 

20 interpretation of a models predictive ability. Co-linearity occurs when the 

21 concentrations of two components are correlated, e.g., an inverse correlation exists 

22 when one component is high, the other is always low or vice versa. 

23 Application of NIR to Tree Fruit and Existing On-line NIR 

24 Instrumentation: A growing body of research exists for NIR analysis of tree fruit 

25 NIR has been used for the measurement of fruit juice, flesh, and whole fruit In juice, 

26 the individual sugars (sucrose, fructose, glucose) and total acidity can be quantified 

27 with high correlation (>0.95) and acceptable error. Individual sugars can not be 

28 readily measured in whole fruit. Brix is the most successfully measured NIR 

29 parameter in whole fruit and can generally be achieved with an error of ±0.5-1 .0 Brix. 
30 
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1 More tentative recent research results indicate firmness and acidity measurement in 

2 whole fruit also may he possible. 

3 Only in Japan has the large-scale deployment of on-line NIR for fruit sorting 

4 occurred. These instruments require manual placement/orientation of the fruit prior 

5 to measurement and early versions were limited to a measurement rate of three 

6 samples per second. The Japanese NIR instruments are also limited to a single lane 

7 of fruit and appear to be difficult to adapt to multi-lane sorting equipment used in the 
g United States of America. While earlier Japanese NIR instruments employed 

9 reflectance sampling, more recent instruments use transmission sampling. 

10 In Koashi et al., U.S. Pat. No. 4,883,953, there is described a method and 

1 1 apparatus for measuring sugar concentrations in liquids. Measurements are made at 

12 two different depths using weak and strong infrared radiation. The level of sugar at 

13 depths between these two depths can then be measured. The method and apparatus 

14 utilizes wavelength bands of 950-1,150 nm, 1,150-1,300 nm, and 1300-1,450 m 

1 5 U.S. Pat. No. 5,089,701, to Dull et al., uses near infrared (NIR) radiation in 

16 the wavelength range of 800-1,050 nm to demonstrate measurement of soluble solids 

17 in Honeydew melons. An eight-centimeter or greater distance between the light 

1 8 delivery location to the fruit and the light collection location was found to be 

19 necessary to accurately predict soluble solids because of the thick rind. 

20 Iwamoto et al., U.S. PaL No. 5,324,945, also use NIR radiation to predict 

21 sugar content of mandarin oranges. Iwamoto utilizes a transmission measurement 

22 arrangement whereby the light traverses through the entire sample of fruit and is 

23 detected at 180 degrees relative to the light input angle. Moderately thick-skinned 

24 fruit (mandarin oranges) were used to demonstrate the method, which relies on a fruit 

25 diameter correction by normalizing (dividing) the spectra at 844 nm, where, 

26 according to the disclosed data, correlation with the sugar content is lowest. NIR 

27 wavelengths in the range of 914-91 9 nm were found to have the highest correlation 

28 with sugar content Secood, third and fourth wavelengths that were added to the 

29 multiple regression analysis equation used to correlate the NIR spectra with sugar 

30 5 
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1 content were 769-770 nm,745 mo, and 785-786 tun. 

2 In U.S. Pat No. 5,708,271, lto et al. demonstrates a sugar content measuring 

3 apparatus that utilizes three different NIR ^velengths in the range from 860-960 nm. 

4 The angle between light delivery and collection was varied between 0 and 180 

5 degrees and it was concluded that the low NIR radiation levels that must be detected 

6 when a photo-detector is placed at 180 degrees relative to the radiation source are not 

7 desirable because of the more complicated procedures and equipment that are 

8 required. A correlation of NIR absorbance with sugar content of muskmelons and 

9 watermelons was found when an intermediate angle, which gave greater NIR 

10 radiation intensity, was detected. No size correction was necessary with this 

11 approach. 

12 U.S. Pat. No. 4,883,953 to Koashi et al. uses comparatively long wavelengths 
D of NIR radiation (i.e., >950 nm), while in U.S. Pat. Nos. 5,089,701 to Dull, and 

14 5,708,271 to lto, wavelengths of NIR radiation used are greater than 800 nm and 860 

15 nm, respectively. In U.S. Pat. No. 5,324,945 to Iwamoto, the wavelengths of NIR 

16 radiation with the highest correlation to sugar content of mandarins were 914 nm or 

17 919 nm, when the fruit were measured on the equatorial or stem portion, respectively. 

18 All of these methods use near-infrared wavelengths of light to correlate with sugar 

19 content of whole fruit No other quality parameters are measured by these 

20 techniques. 

21 The four disclosed patents are similar to the apparatus and method described 

22 here in that the present disclosure also measures sugar content Two of the patents 

23 (Pat. No. 5,089,701 and 5,324,945) NIR wavelengths less than 850 nm) Pat No. 

24 5,089,701 discloses the operation of the invention within the range of "from about 

25 800 nanometers to about 1050 nanometers." U.S. Pat. No. 5,324,945 lists 914 nm or 

26 919 nm as the primary analytical wavelength correlated with whole fruit sugar 

27 content; multiple linear regression was used to add successive wavelengths to the 

28 model as follows: 769-770 nm (2nd wavelength added), 745 nm (3rd wavelength 

29 added), and 785-786 nm (4th wavelength added). In Pat. No. 5,089,701, addition of 
30 
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1 the fourth wavelength to the model only reduced the standard error of prediction 

2 (SEP) by 0. 1-0.2 Brix, which is approaching or less than the error limits of the 

3 refiractometer used to determine the reference ("true") Brix values. 

4 Other similarities between the method and apparatus described herein with the 

5 four patents listed above include the use of multivariate statistical analysis to 

6 establish correlation of the near-infrared spectral data with sugar content of whole 

7 fruit. Most also use data processing techniques such as second derivative 

8 transformation and some type of spectral normalization. All of these methods for 

9 relating MR spectra to chemical or physical properties are well known to those 

10 practiced in the art of NIR spectroscopy. 

1 1 The foregoing patents and printed publications are provided herewith in an 

12 Information Disclosure Statement in accordance with 37 CFR 1 .97. 
j j Summary of the Inv ention 

14 Research groups around the world continue to explore the applications of near 

15 infrared spectroscopy to tree fruit. The apparatus and process disclosed herein is of 

16 the nondestructive determination or prediction of O-H, N-H and OH containing 

1 7 molecules that are indicators of sample qualities, including fruit such as apples, 

18 cherries, oranges, grapes, potatoes, cereals, and other such samples, using near- 

19 infrared spectroscopy. Prior art has utilized spectrum from 745nm and above. This 

20 disclosure is of 1) the utilization of the spectrum from 250 nm to 1 150 ran for 

21 measurement or prediction of one or more parameters, e.g., Brix, firmness, acidity, 

22 density, pH, color and external and internal defects and disorders including, for 

23 example, surface and subsurface bruises, scarring, sun scald, punctures, watercore, 

24 internal browning, in samples including fruit; 2) an apparatus and method of 

25 iUuminating the interior of a sample and detecting emitted light from samples 

26 exposed to the above spectrum in at least one spectrum range and, in the preferred 

27 embodiment, in at least two spectrum ranges of 250 to 499nm and 500nm to 1 ISOnm; 

28 3) the use of the chlorophyl absorption band, peaking at 680nm, in combination with 

29 the spectrum from 700nm and above to predict one or more of the above parameters; 
30 


Received from < 5097353585 > at 1013103 5:47:18 PM [Eastern Daylight Time] 


OCT.03'2003 13:26 5097353585 


LIEBLER, IVEY S CONNOR 


#3697 P. 009/070 


1 4) the use of the visible pigment region, including xanthophyll, from approximately 

2 250nm to 499nm and anthocyanin from approximately 500 to 550nm, in combination 

3 with the chlorophyl band and the spectrum from 700nm and above to predict the all 

4 of the above parameters. 

5 Prior art has only examined spectrum from fruit for the prediction of Brix. 

6 This disclosure is of the examination of a greater spectrum using the combined 

7 visible and near infrared wavelength regions for the prediction of the above stated 

8 characteristics. The apparatus and method disclosed eliminates the problem of 

9 saturation of light spectrum detectors within particular spectrum regions while 

10 gaming data within other regions in the examination, in particular, of fruit. That is, 

1 1 spectrometers with CCD (charge coupled device) array or PDA (photodiode array) 

12 detectors will detect light within the 250 to 1 1 50nm region, but when detecting 

13 spectrum out of fruit will saturate in regions, e.g., 700 to 925nm, or the signal to 

14 noise (S/N) ratio will be unsatisfactory and not useful for quantitation in other 

15 regions, e.g., 250 to 699nm and greater than 925nm, thus precluding the gaining of 

16 additior^mformation regarding the parameters above stated. Thus disclosed herein 

17 is an apparatus and method permitting 1) the automated measurement of multiple 

1 8 spectra with a single pass or single measurement activity by detecting more than one 

19 spectrum range during a single pass or single measurement activity, 2) combining the 

20 more than one spectrum range detected, 3) comparing the combined spectrum with a 

21 stored calibration algorithm to 4) predicting the parameters above stated. 

22 In each instance in the method and apparatus disclosed herein there will be a 

23 dual or plural spectrum acquisition from a sample from different spectrum regions. 

24 This is accomplished by 1) serially acquiring data from different spectrum regions 

25 using different light source intensities or different detector/spectrometer exposure 

26 times vising a single spectrometer, 2) acquiring data in parallel with multiple 

27 spectrometers using different light intensities, e.g., by varying the voltage input to a 

28 lamp, or different exposure times to the spectrometers; however, different exposure 

29 times leads to sampling errors particularly where a sample is moving, e.g., in a 

30 _ 
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1 processing line., due to viewing different regions on a sample; and 3) with multiple 

2 spectrometers using the same exposure time, constant lamp intensity with dual or a 

3 plurality of light detectors including neutral density filtered light detectors (where 

4 filtered light detectors giving the same effect as using a shorter exposure time). This 

5 approach provides dual or plural spectra with good signal to noise ratio for all 

6 wavelengths intensities using a single light source intensity and the same exposure 

7 time on all spectrometer detectors. This approach uses at least one filtered light 

8 detector using filtered input 82 to the spectrometer 170 rather than different exposure 

9 times. A filter can be any material that absorbs light with equal strength over the 

10 range of wavelengths used by the spectrometer including but not limited to neutral 

1 1 density filters, Spectralon, Teflon, opal coated glass, screen. The dual intensity 

12 approach using two different lamp voltages proves problematic because the high and 

13 low intensity spectra are not easily combined together due to slope differences in the 

14 spectra. The dual exposure approach yields excellent combined spectra, which are 

15 necessary for firmness and other characteristic prediction and also improves Brix 

16 prediction accuracy. 

17 Measurements are disclosed, with the apparatus and process of this disclosure, 

1 8 which are made simultaneously in multiple sample types, e.g., where samples are 
. 19 apples, measurement is independent of a particular apple cultivar, using a single 

20 c alibmtionequationwimerrorsof±l-21b.and + 0.5-1.0Brix. This disclosure 

21 pertains to laboratory, portable and on-line NIR analyzers for the simultaneous 

22 measurement of multiple quality parameters of samples including fruit. Depending 

23 on the application or particular characteristic sought to be predicted or measured, a 

24 variety of calibration models may be used, from universal to highly specif e.g., the 

25 calibration can be specific to a variety, different geographical location, stored v. fresh 

26 fruit and other calibrations. 

27 Disclosed here is the greater role NIR technology will play as a tool for 

28 grading sample qualities including fruit quality. The unique abUity of NIR statistical 

29 calibration techniques to extract non-chemical "properties" provides a technique for 
30 
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1 development of a general NIR "quality index" for tree fruit. This general "quality 

2 index" combines all of the information that could be extracted from the NIR spectra 

3 and includes information about Brix, acidity, firmness, density, pH, color and 

4 external and internal disorders and defects. 

5 The near-infrared wavelength region below 745 nm has not been explored by 

6 prior investigations. Generally, the prior art design and or apparatus utilized was 

7 such that longer wavelength regions provided adequate data. The prior art for 

8 measuring sugar content in liquids and whole fruits using near-infrared spectroscopy 

9 utilizes longer wavelengths of radiation. No prior art exists for measuring other 

10 important quality parameters such as firmness, acidity, density and pH. No prior art 

1 1 has correlated consumer taste preferences with the combined NIR determination of 

12 multiple quality parameters such as sugar, acidity, pH, firmness, color, and internal 

13 and external defects and disorders. 

14 It will be shown in this patent that the wavelength region from 250-1 1 50 nm 

15 can be used to nondestructively measure not only sugar content (Brix) in various 

16 whole fruit, but firmness, density, acidity, pH, color and internal and external defects 

17 as well. For example, density of oranges is measured and is correlated to quality, 

18 e.g., freeze damaged fruit and dry fruit typically have lower density than good quality 

19 fruit and lower water content (i.e., greater dry matter content). NIR density 

20 measurement can be used to remove poor quality fruit in a sorting/packing line or at 

21 the supermarket Information about color pigments and chlorophyll, related to 

22 maturity and quality, are obtained from 250 to approximately 699 nm. From 

23 approximately 700-1 150 nm, the short wavelength NIR region, C-H, N-H, O-H 

24 information is obtained. Combining the visible and NIR region gives more analytical 

25 power to predict chemical, physical and consumer properties, particularly for fruit. 

26 All of these parameters can be determined simultaneously from a combined 

27 visible/NIR spectrum. Multiple parameters can be combined to arrive at a "Quality 

28 Index" that is a better measure of maturity or quality than a single parameter. 
29 

30 10 
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1 Absorption of light by whole fruit in the approximately 250-699 nm region is 

2 dominated by pigments, including chlorophyll (a green pigment) which absorbs in the 

3 approximately 600-699 nm region. Chlorophyll is composed of a number of 

4 chlorophyll-protein complexes. Changes in these chlorophyll-protein complexes and 

5 changes in other pigments, most notably anthocyanin (red pigment) and xanthophylls 

6 (yellow pigments), are related to the maturation and ripening process. Chlorophyll 

7 and pigments are important for determining firmness. 

8 While the NIR. wavelengths of 700-925 nm and longer have been readily 

9 accessible to common near-irtfrared spe^meters, shorter wavelengths hav^ 

10 typically been explored for the following reasons: 1) lead-salt and other detector 

1 1 types, e.g., InGaAs, were not sensitive to shorter wavelengths; 2) light diffraction 

1 2 gratings were blazed at longer wavelengths yielding poor efficiency at short 

13 wavelengths; 3) light sources did not have enough energy output at shorter 

14 wavelengths to overcome the strong light absorption and scattering of biological 

1 5 (plant and animal) material in the visible region (250-699 nm). 

16 Disclosed herein is an apparatus and method for measurement, with the 

1 7 visible/near-infrared (VIS/NIR) spectroscopic technique for sugar content (also 

1 8 known as Brix or soluble solids, which is inversely related to dry matter content), 

19 firmness, acidity, density, pH, color and internal and external defects and disorders. 

20 The apparatus and method is successful in measuring one or more such characteristic 

21 in apples, grapes, oranges, potatoes and cherries. Demonstrated in this disclosure is 

22 the ability to combine chemical and physical property data permitting the prediction 

23 of consumer properties, such as taste, appearance and color, harvest variables, such as 

24 time for harvest; and storage variables such as prediction of firmness retention and 

25 time until spoilage. 

26 Brief Descri ption of the Drawings 

27 The foregoing and other features and advantages of the present disclosure will 

28 become more readily appreciated as the same become better understood by reference 

29 to the following detailed description of the preferred embodiment and additional 
30 
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1 embodiments of the disclosure when taken in conjunction with the accompanying 

2 drawings, wherein: 

3 ft ft 1 k a ton plan «h™*" P ™ emboli mm t of the disclaim illustrating ft smple 

4 yMr a sec^r ~ « T™» ^cle urging a ho)^ P article contact 

5 ™th a ^le ha™™ * «*mn1e sur f »~ * H»ht detector havinp a light detector 

6 nr spring b^ f ^tteh »tnd liritf source PlffiN ^ ™^ surface with 

7 « >». liaht sources d p **™* in relation to the light sgnsor family orthogonal to the , 

8 ..rface. An 1 fiU ~ ™ av ^ ******* °* d ** 

9 Mm pl. ^ h^twsen ^te and a sneclrorneterfsV Thr lipht sources may be 

10 hv the H>T i The output fr om th e lipht sen sor Income s the , input to a light 

11 detector such "«= a CCD arrey within a spectrometer., 

12 _ _ 

13 no. 1 1* a lop plan uf iiu ouhudiiiMiil of an appaiatiu -f ui mumning mid uomtottec 

14 c hmacluij.a^ u f fiufr widi uuubiM.d visible and uloi iuliuiul &p u. Uum ^hm n j n g <m 

15 cmbodiujuii uf Oil di^luAUit illiuti Aliug a .ampk holdti h*v m u ^cui iug ui ^ling 

16 u iBMug uiUlIl uiBiuft a holding artick, sh o wn h e rra s eimallj u LiauuuhuiuJ, in 

17 maaa willi a sample hay Uifc a aiuyk mftu, And piivuiliui t h c- ^mpk bum 

18 muwuuml, a ^mplt Jiuwu a* an #C * ^ J^loi lunlm, a libhl d t tt rf or 

19 s^uimfe m . piU^ biasing niitL placing ui Uuldhij, 0* Ml** dOLLim m toutae t w Hh 

20 di e MiuplL ^uifacu and Uglii amiiu. piojunial Ojl MiuyL ^mfaLL wlJi the light 

21 mimu pujiUuuul ba-tui 0 and 90 Jigim, c*,, Upltdlj ^ lu 

22 iLl light ^umk. The lifeht juuive and liglil dc t eclui an, pu-iiliumd gmn - all y 

23 w t hogonal lu flu. ^aiuyL Midtt. The light juuuu muj be, fui example, 

24 ttm gsluiflialugui laui^ Au optional fillti oi fdtu* luiiUioiiiua a, Utal M o di, 

25 bandpa^ and ui cutoff mtui maj lu poMliuuul between Oil light . m ui u u. nd tbr 

26 sample ox beL^een Oil ^anipk and a »uu.u u iuO u i(»). lUt lUjUl .uuill^ uiaj> ? for 

27 LAauipk Vm wi l Luul linuluduJU, II JTW lamp ^uiul l ^ fiuin a ^llUuhiUli l u t m n r 

28 inuiL LAlLinalUqUj.uiiiLL.LunUdkd^ lU. CPU wMhiMWU up lu 1000 W atte 

29 tadi, but more ij f plulU JO Wall, 7J ui UP VaU. Tlit uulpiU Hum Oil Ught 
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j luault A Uu im Iiul j o n Vi-upLie wiw, toi u Hit input l u a liahl Juntoi au c h 

2 mCCD.ui.ij .yiliiiua^Q u iuHu. Tin -uuupl Uuldu, lifeUl OhllIui „u i uUa& 

3 ^Qdc oud tifelu muitd with m>L wwu. jiuuH Jtti^ affixed lu a u l nr 

4 u i hu flame. Othu fiAliuut ui aiUtki imij ue uupluyed lu A e etue ui pmi t xwrn 

5 sample icquiiiiib uidj Qui Hit dcviec ui m e th o d us e d lelam die .maple lu pu^icm 

6 idaU^ Lu Ik. lijiil ^uiee and lijjat d c l c cl u i dining Oil pciiud ufiu edj uicm e fl r 
7 

8 Fig. 1 A is a side elevation section of Fig 1 . 
9 

1 0 Fig. IB is a side elevation section of Fig 1 with no sample additionally showing a 

1 1 light source securing article. 
12 

13 Fig. 1C is a flow diagram demonstrating the method of this invention. The flow 

14 diagram is schematically representative of all embodiments of this disclosure. 
15 

16 Vip in is a flow Hi n r *m dem e nting the method and apparatus illustrating thg 

17 lipht source^ w>^ illuminate « gamnle. light collection channels l-..n (light 

18 Hgtftrtnr 1 ...irt of ft* *nsctra fro m » ™mple delivered as input to a spectra measuring 

19 shown hr™ ** snecirome t ^ 1 .n. Srectrometer l...n channel output 1-n . are 

20 ^Tivartftd from p ^o ? i» digital ™H Wme. for each channel, input to a CPU, The . 

21 rPTI U compute r program cont m ll^- The CPU output is als<? for fffffh channel 1...J1. 

22 

23 rig. ID u a flow Jiagiam dciuum>u Jth% Omi inclhud uud uupmalm ilhumiflft to 

24 ihjUl &uiuec(^) whieh miuuiuata a mui )1i, lkUl eu l leeuuu chauucb 1-u (Ugfr 

25 dcteclui 1...H) uf <Uc jy^uu flwi a ample deified ^ input lu a Ap c elu m ciu uring 

26 device, digwuheiCMApcUmuitm 1 -U- SuceUu r ueiei l...u ehoune b output l...u«e 

27 wumlul flum aiuduft lu diyLd ™d LacL dutuucl » ^ tu u C?U> ^ 

28 CPU h euiupulci piugxaui cuuuullcd miOx e aeli step, fu.Ue>mi% Oil CPU iu this fl o w 

29 JUmaunmumaUML uf aetmpulci piufeiam touuullul aeimtj ' . TUl CPU uulputis 
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1 dhufui uididkuiutl l-.u wlmft tbt &h . pAuf l)calcttUiuBufuluUiLaui.L,pcetH . 

2 y^mi. fm uidi JiauULl 1 -Ji, 2) cuiubiuiufc abiuibauu. qju.lm iiiiu a ^higlu Apiclnim 

3 cucum^,^ Oil luUil ma» Jmilb *4u,tul flum Oil, .umpli bj i ptt Uum r im 

4 i. ..u, 3) matliimatiud yitiuoLCMteg, t.g., ^iiuuLUUig ui bux uii .moo di ui calculate 

5 dcuvaii^, 4) lumpmiuj, On, yupiutumd umiblutd A pu*u uuilli Oil stor e d 

6 udibuliun .ptaimu fui uidi tliauatem l m 1-a, 1m " IdO* ^ -t om i'l' 1 111 « 

7 J) miliug, du,uiuiu> ^ uiaiL IWnu Oh, a^ulb of .ley 4) m mOi 0) further 

8 Mrih am ami u u iupam u iy. d do. il .nil i < r.i ifi. H i u u uf u i l L iWt Li irt ir. 

9 l ...a, fm wliluh Hie J.ainylc u uimuiuul AumiiImuu, h> udmlaicd ^ full u ws: o n ee 
10 ft c Uaik ^ i- u u mu, iOuuua, ^ t tlmui aud oumple ipu.tiuiii an luUl UlJ, Oilj arc 
U p ,utmul m umiyuu. Ik. ub . ubimu, ^mum. uuliiiU Dm^ kwi iudiuiLu is 

12 j^upuiQuufllte euimiuaauu. Tin, daik ^Umu, wUiOimaj 

B teiBiuuuJ/amliuul W L> AUbUaLtul fiuiu budi Oil muii^U, ^muiii aud the 

14 refuuiu^LOiuui. Tk-lufeboM, 10 of Ik. juJuuill ^iUiuu dii i idul bj Oi l i m plr 

15 ^uuiu iA to Ldluulalud. TLb i& l ift. uUmibautft ap i cuuiu. IL i s u ulid di al dnr lr 

16 aud lUUmu, mirk, mll^d pufiudiudlj, It., Oicy du n u t uu^aiily i i ee d- to rbe 

17 uriUlu.LLdaluub miQiuMj ^lL^aiiau. AM uic ddrnkaudu -f uuii iuiiiU, med 

18 jfli^ii m j uiu. and d c uxim ait jHubW juJ duuU diift - r^utuuiua u^u, luhuiqtm 

19 ku u w i i lu Qkm. pw.lhxd in the art wUi bimiiii^ MUuulbuife, warete ugQi utioing, 

20 te taug derivative*, AybiUal uuiuialuiiig, wuuduufllb mbUacLkife, e tc. Tliouthc 

21 pmwmul itobauu. jpu,muii mill be cumpaiul m t h a Ahuul udibmLiua ul&o r r t hm 

22 m piudaci uu oiilpui itpiLALumive ui |uulini vc of uuc ui mmi diuiuiluirtfcj, 

23 fmimu^ Dm, pH, atidilj > duuiQ", uuluu aud iuluual aud laLumu! dufe Hi, ui aeidity > 

24 uf the wuple 30- 
25 

26 Fig IF is a flow H^monstratin^ the xngthod fm d HTT^TBtya illustrating the 

27 m ^ 120 ™ ■> h a nd snvrre vfrich fflwniTm ^ ? sam ple ^0; at least one 

28 v^velsnc* fi! ^ fl»A»«) fthotorlcteptors having fl^ 1 ^0 fPT Ugfr 

29 ^ii^^n A-di ^ ti frfttn R. .ample ^tO. Tn this embodiment ^ Hp M SPW* 1?Q 
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1 with lamp 123 is ^ntmlted bv a C V\ 1 172. The spectrum detected from , ft? sample 

2 gnrfare 35 mav be ^mrminicated b y **** ^ fibers as liotlt detectors 80 to the 

3 photodetectors 255. 
4 

5 fig. IE h> a fluw diagiam dMuuuAliaiin& tU»* mUhud aud appaaUu. fflu maiing the 

6 iiylii suui Lt (^) aaabiujd km J J.ouin, ^ ^ a Uiu^lui halufaUi lamp, which 

7 fliumUu i u a Auuiplt, at lual um, but in Oil pufac&U uub u dhuuii a pluiali ty , o f 

8 < foucU. W4» Ju^fli filluul (buudpaw) pUuLu JOLOrju piimdu ^lc l luui d e t e ction 

9 fut liyUL mlLaiuu Uwux^U l-ai (pholu JollUH 1 -iQ uf t he ^um a .mupK 

10 Thi muuaawpeul uf die dete cte d aptf-Ctta h. as, dm.iibul f oi 1%. IP- 

11 rig. ir u a flu w diagiam d&mumUating Hit mtlliuJ aud appmatm iUu,Uulh » fl, the 

12 light M/uiiLCQp^idLdlj) JLulU, w ^Uu^aiUijJituiiilliubdiudu(LEDi) w hi c h 

13 iMy U ^uuitially fliul ui lhjhh.il tu fflumhutU, a sample, at luttl urn, biuadband 

14 phalu dulcetm aud, hi an alluiiali embu Jhumt a luul uue btuadbaiid ph o t o 

15 daiaui fu ftflth LED, piovide &p c eUum dac eL i i m foi Uj h turiUiiim ikiumlj l...a 
IS (phuLudcLecUu 1 ...ii )uf d ie '.p lanum a ^uiuple. The iiuuii%uiiiiil uflhc ducted 

17 L tu, J^nibul foi rhj. ID. AUuuali ul lhjit Auuiec fui t his embodiment 

18 ii^ludt lui a i e mi UuiUcd tu tumble diude hum. L u ei diuJa aud Oil u±l uf a ffl t er 

19 whiU Ulwmi the lifchl jumu. and die miupU, oi beLwuui Iht sampl e n n d 

20 pbutudelecto r . 
21 

22 FlP 117 a flow '""fT™ ^Q" * "*™ the method and apparatus illustr^ifffijll£ 

23 « f »» nroY ^ w »t 1 M st on* discrete wavdenpth ti>ht cmittinf djfffrs 3*7 

24 m illuminate a samp 1 * ™ ; * least hmgHhand ^otodetector 25gjflld at least one 

25 broadband photod^tor 25S for g «* T ™ ^ Hnht collPcrinn channels 1 
2$ f phntodetecto t- 1 -trt of the sntxtra from ajampjs. 

27 

28 f i p ? is a ton Pl an de picting at l ««t one light soinv^, wjtfa a rfngte Ught Spyircg 

29 a™™ in this illu stration, with orjrj ™«1 filter and with at least one Mn de^ectpr, with 
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1 np W1itv of He ht detectors ttlus t^^ r»roximal to the sample surface. This 

2 A^m™ demons trates an orientation nf 1i P ht detectors relative to the diction of 

3 ijyht cast on the sample surface «™ ""1* detector oriented at approximately 45 

4 Hpprpfre to the dire r*™ nf th* light K y «t. H light source mid a second light detector 

5 at armroxi m^W 1 «0 Sprees *™ th* direction of the Ifrht cast by the light 

6 source. 
7 

8 Fig. 2 L u top plau dLpkiiiifc at ItJil mu, light muu, widi a aiugk wuwe 

9 ^ WJU Ui Oiii illmUaliuu, mdi optional film ml wi t h al luU ^ lb> J Utttu i. n. i l h 

10 a pimply o f liglil diiniou fflmiiaiul, piuAimal U> Oil .lampli j.ui&ill. Thi s 

11 JvpiuQuu Juuomual^ ail uiimUUiuu of Ufcht dttnlma lUali^ lu Oil diitUiun o f 

12 liglil uul uu the sample wifi i uL Willi urn lifaUl Jouxlui uuliiIlJ al appioAimalely 15 

13 d e gieus lo die diuxliuu uf Ik, li^U um bj Oil lifaJUt and a jicu ud liglit darter 

14 mleinul al appumumUj 100 d^u,* Hum 0k. dlicaiuii uf die Ufcfr mul bj Oil light 

15 suuiLu Iii Oil* illmliaiioii dii liglil daiUou are in dii mutt plant ^ ^ ^ ^om 

16 t h c- Ugbi AuuiiA,. Tin, liglil daccloi uulpuU aic illmuatul u piu i iULig iupuL, to 

17 & v ^ u umaLU. TJil uuLyuU imj be combined Ui tuu>idc a Ju gl iupul tu a jJuglc 

18 sptiUmu mmmiufr ami duelling imhumcml m maj ^paialcl^ foim inputs to 

19 M.^au.H'u.LumuluA. fui a^^ e ufaAMLiutasmUigUiAaimicnt,liaLUhuttew 

20 waj buuAuluuJallmmuJj aLavatullupiuuduli&hluipuliiuuK.^luuLa.auiiit , 

21 louiliuii.iiyaiaiaj iu auIh, dim, piuduciiib im &pu.lia fiuni difl uml dupUu or 

22 hjcatium of a sample. 
23 

24 Fig. 2A is a section elevation view of Fig 2 with the sample removed. 
25 

26 Ti p 2R is atOP plan denicting a P ^p 1 " " f ht * oufCT ^ional plterfs) ***** 

27 imitate light defr-^ nroximal a^ directed to illuminate the sampfe surface with 

28 both light detectors oriented a t approximately 45 degrees to.thft direction of the Ught 

29 cast bv the light source. 
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1 

2 F i g. 2D i* a lu p plau dipiiOiife a jingle light wmo, wi t h fill ^C») ^ ith 

3 multiylc light daiUuu piauuiul and duiUul to Ulmuhum Hit aaiuplt .m ' ftce 

4 demumualiutt an uauilatiun uf lifchl JiIllUiu >ui Ji Lfl t h light JauAun uii ti t h. J M 

5 ^gumattlj U dig»^ tu ihu dhLaioiiufthihghluU^ thilifchUuuat. Inth i* 

6 a teUaliuu Oil light duu,luf a arc diu xtu l iu the same plaui unUiLU u de pi c t e d i «- 

7 mOwguiiJl t o die light u isi Jit light sou rc e : 
8 

9 Fig. 2C is an elevation view of Fig 2B- 
10 

11 Fig- 2D is a section from Fig. 2C depicting a shielding method or apparatus, e.g., in 

12 the form of a bellows or other shielding article shielding the light detector from 

1 3 ambient light and directing the light detector to detect light spectrum output from the 

14 sample. 
15 

16 Fig. 2E is a detail of a shielding device between the light detector of Fig. 2 and a 

17 sample. Shown in this illustration is a shield in the form of a bellows. Other 

1 8 shielding apparatus and methods will provide like shielding structure. 
19 

20 W P 1 is a too Pi™ demcting an ^ amative embodiment of a light source and light 

21 ^tertnr configu red where th e Hpht source is communicated by fiber optics. 
22 

23 Fig. 3 h a tup plan dupLting au alluuati^ uuUwliiuuU uf u light wuilc and light 

24 deLectoi umfigmaUou wIiul Oil light juuiu, l> Lcmmimiiuuid hy flb u upli^ flom n 

25 aiuuiiualiuu j,umcc ug., a kmp ^udi as Utt, lamp al a ^cUuuiau, lifelu dtULli c m If 

26 piuvidul uj lhJUl mwi, ua,, fibu uuUu u i ull * uauW,iuxi, i»*rtkmed 

27 hi taiyUig I ' datiuiuliiua Uj the light auuicc. 
28 


29 
30 


17 


Received from < 5097353585 > at 1073/03 5:47:18 PM [Eastern Daylight Time] 


OCT. 03*2003 13:30 5097353585 


LIEBL5R, IVSY 5 CONNOR 


#3697 ?. 019/070 


, «». 3 A is a from Fig ^ The |i P ht source and light deWPttflttJaJl 

^-^ ifcrW.. 1. Alt P Tn^ivHipM ^ mfl Y be provide by a Plural^ of Hftht 
^„^ P „^c h m,v he sequentially fired lighti mittiup diodes emitting di$qre te 
fflth^ t FT), are employed, the light y n^r or tifht detector may be a 
h ^aHW bhot^ode detector **«tr*i to concentrically positioned l.RPs, Ffe. ?A 

6 n w„t~ li pht sourr - - i»™ r « fand alternatively I/EDs) crnienffitaflv positioned 

7 . nmadW ^ detector fand alternatively a . b rrnrtnund photodiode detector , 
g oss, ^r.h light so^~ «* « the ^ M 120/1 FDs 7S7, can be placed.iffi 

9 n t t, CT ammgemeP* These and o fr «r cnnfitnirations also apply in the use of filtered , 
10 phntodetecto^ 255 and bm «dha«d lamp 123 design 


11 
12 


13 fig. 3A U a M-iliou Hum J -huwiuti uu uubuJimml wbui llfahl -muu u 120 or 

14 famipj, 123 ai, uaiuiuiUtJ JBuau a lidil juutu. UP ui Lmip 123 b> lidil mui ii fila r 

15 w UUi aiL uaibuiuu, lu *L luul one Jnu4iun filer p i Liybl Ji . lu. lu i 00- Thi light 

16 wul u, aud llfcltf detCLUn ii m ul at d era iled flu 1 M t cmaUn , Uj Jn mjuiu. may 

17 be uunidul by a t le^t u ue li^bl ^uiee, depleted Ulil ^ a plumlilj uf li^U ^ ilm rr^ , 

18 wbidi umij U ^uuUMIj rued lidil tmmiiife, diude.t umlliug muueku& t h r ; 

19 wLul LED* <ul emplujed, the light muwi m liflhl JHu-lui may ho a luwdW 

20 pliuLudiuJe del e elui eenual lu eumuiLiiuillj pudUunul LED.I While fife. 3A 

21 muiUAlu lifcLl ^iutu oi ^ alluiuliuLl> LEDl) euueentiieallj uuoUK < 

22 aimiud a biu^lbaud lifehi d e l e tm (and allemali^lj u biuudbaml pli uiu diudc d e tecto r 

23 255, il mil be i c wguLLul dm audi light x»meej uf Ok euibudu i i e ul, as well as t he 

24 right Mimtu 120/LEDj 257 of uOiei uuboJimeui^ eau be pla ced m other 

25 aiaMgumuiU. The,ie iwu aud oOicr euiififeuatium abu appl; lu Ik. ila, uf filtard 

26 plmLudilu,luiiJ> 255 and biuadbaud lamp 123 de s ign. 
27 

28 p; f *VR is a section fa™ Fi g . 3 sho wing an embod iment where Pp i ht detectors or Ught 

29 Hqtt ^im fibers g y rmimd a least o n* H fht source or tipht source fibers, The light 
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1 and light de t~*™ ™v he as de smhrd for Fjp . j ■ In this representation, the 

2 tyntrallv position U pht smirce ™»Y ^ » lamp or light transmitted from a, 

3 ^mder the 1? P >* H^on mav he hv fiber optics tr»r*rmssion with , discrete 

4 hMHwidth filters hPtwepn the fiber optics fiber an d the? sample limiting the 

5 transmission bv arty sing le or group of fibers^ 

6 ^ 

7 l jg. JD L a ,ixliuu lium rife. 3 JUu wiiife au uubudUu Li iL mhui, U^L Jl UxIui j ui li ght 

8 uUtOiuu fibu, iiuiuuuJ a luU u ul light A U UiU. u i liidil mwiu- AW Tbx U fc ht 

9 30^^ aud lixdu iL U xUn um.y be *s d uuibul liu ri U . 1. MluuaLuL lij O il MiM t unri 

10 light d i H H iuu umj be pm u i Jed. Iu diu> iL ji m u iUrtiou. Ibi mill jIIj pu Mliunui light 

11 wuia M y bu a Uiup i n li^it U - attMuillul lium a ^UuiuOu. Oil li ght diction 

12 be b> fib t i u plita, Uaiuuu^iuii mLh dbuil baud^idlli Dlius tUmm U n. fib r r 

13 uy uu, Abu and t hu wupli limilim ^ UaiMiil^un by auj thudi m gr oup uf ffljus. 

14 Al'mmUivJj, light wiuu, ddimy mid Ji.iu.auu may bj a bifuiialul lOluutonce 

15 piuR, aidkuauu. p.uK um> pi u vi d i uuc m uwi l l ii> d il i ij 1 -nr nr 

16 mull UghL dLtc Li uib picividing mpula lu one w uiwi ^uiuuiu e te rr 
17 

18 w p 4 i« a top pla" ^mii y an alt e ™**™ ernhndim^nt of a lipht source and light 

19 detector configuration. 
20 

21 

22 rig. 4 k a lup plau dtpiuLiufe an aUuualiui uubudkuuU vU MA wmu. aud ligh t 

23 dtluA* uiuflttuialluii wuul at luul uul, mid <u JuiUlJ iu QiU ffliuualiuu l.» u. light 

24 wuim ^il cuimuuiuuilul by fibu uyuU Amu ^ muuiiuuliuu iou itt, ug., u Ump 

25 mdmj llu, lauxjp at a A pu4iuun.tw ux m uOuiial lump mulu mmputu umuwl; light 

26 d c l e uiuu u. uiu dd e d Uj i light juiaui*. fih" ™ uthu mLM " o f 

27 hmtoiuiwuu, pujiUuuul iu uaiyiiib laiOiuxUiip^ lu Ulrica ^ u iu l l d t tLctine^ 

28 uuLpul ftoAU the mmplL aud pxunidiufe au input lu a j,pLLUumtt ter . 
29 
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1 ri p s is a too pUp A- pirtW an alte rnative embodiment of the disclosure m a hand 

2 held case sh<mtof> » «oHt source apA ti p)* detector configured jn a sampling head. Jn 

3 gmhnrtiment * tta ^moling he ad at least one light smnr^ which may b , e . a , 

4 tim pstan halogen im p is imrition ^ ™ telrtion to discrete-wavelength, fihered 

5 ^detectors. A is illustrated as an ambient shield The operation of frig 

6 ^rfimcnt is se^ ™ Fi f . IE whe r ein ,11 component* are erased wjftto the case 

8 
9 

10 rig. J 1a a tup ptoa dL.yi.Liug w allumUin uuludiiuml ui Ik, JUlIuhul in .. l. nnd 

11 hjj ^ Jio wlm a UgU ^. u mce and light dUuAui umfiguiul m u .sa mpling head. In 

12 Hut, uubuJimml at die .umipUug lifted at luul uue hghl ^"-> wid th nay be a 

13 ■ imij Mui lmluiui lamp, k pouti o iiul iii lelalluit lo diseieLc^ai ilutglh ffltcwrt 

14 phuluJetteLuu. A melhud ui aidele L l e uuUuJ lu dd t ld the pjioUiOulLLluu Hum 

15 light iuma aud Hum amLiut Ughi wlueli L Ululat e d >x> m ambicut shiel d 

16 piuvided, fui uwnyK Uj i uliaUu ui e u mpie^ibk foam, b ell o w* n ud by other such 

17 umtuiaL ui rt r w.Uuu. hi thL illmliaUua Qie ^upliuguLad u u uaugcd w dut the 

18 yhutudel i e t ovs arc euueciiliieallj au^ed lu iclalkm tu On. ligUL iKmiet. TUi light 

19 suuiu.' auaj ba muummiLatLd bj fibci u pll u s fhmi au iUmuiiia t iw wuim i^ft- " lm*P 

20 widiiu die ea^e ui bj placement uf a lamp mtbjui die Aauipliug head, e,&-» i he 

21 biuAdbaud output lump, e.g., tuugMm b,ulugeu, ii ph^icullj loc alul icutially to 

22 euueuiuieaU; aimjed phutodfcleeiuu. The Uglu squill may b e pineal tu be in 

23 cvuUicl m \ h the mmple wu&ut ui piuAliual tu the sample .miiae e. Electrical 

24 Lvmiuuuimtiuu u> eJuUkrf between die light awrce and phuludeleetuu aud a 

25 c a iupulu piuemui. Thephut o deleeluu, fidmiiiig a ^peeUumuAe i ui Apcetral 

26 mcajaucuiLUiruueliuii, piuvidt Oil uipul u»UeU will U pi 1 

27 niiuupiuee^ Muied ealiliuliuu alguiiLbim lu piudutL an uulpuL iLpiuuiliug uul or 

28 muiepAiaiuULUufdieoamplu. Uil upualiuii uf lUi^ uubudhutul b Jim hi T"i ^ IP 

29 whenJLu all uiuipuumu. aie caused witldu dit ca^c 250. 

30 20 


Recehed Itoro < 50973i3i» > <J PB1 [Eastern fcsyight Tbk] 


OCT.03'2003 13:31 5097353585 


LIEBLER, IVEY S CONNOR 


#3697 P. 022/070 


1 Fig. SA is a side elevation of Fig 5 depicting a sample positioned on the sampling 

2 head. 
3 

4 p; P <R i< an illus ion nf the embo diment of Fig. 5 y^ere the SRUiplinp 260 is 

5 4» tho form of a c1 ™ T 2<a. The lig ht Hector 80 js depirtH as a fiber optic fibqr . 

6 snectrur r *™ ^nle to an amy of filtered 130 fhotodetec^ 255 

7 »r . ^t^meter 1 70 The output 87 will he managed «* shown in ftp, IP or 

8 
9 

10 i jg. Dp j„ uu Himuaiiuii uf Oil aubuduuuii ul 1 J i vln-u Hi U ^fe hud 260 is 

11 m- tlic futm u fa damp 263 luving al lunl L«w Uauip jaw^ 200 wh iJi illu i> i and 

12 ^ui. wiOiiii at 1^1 wu. ja^o 200 .muauu, jl luU c mi lamp 123 wd in at k art rmr 

13 jAiup jw 200 J.UULLU1L al luiM one tight JlLllIui 80 tudx 0ml Oil jam 260, w in n 

14 die damp 263 U duwl, nxtiiiL a ^uupli 30 p^iliuntu lu Uat>c Oil at luul im . ^ 'i mf 

15 4gfr aud Oil at IcaM u ul lidU i kteHui 00 yiuxtafl Oil .lampli „m fru. 35. Hie light 

16 Jeleaui 00 h Jvpidul oi. a fibu uplii fibu Uaimiiillkig jpu,Uum Hum ttiw ^ampis to 

17 M1 auaj of fflt u rul 130 plKJludoteuu* 2J5 ci a .p c UmmUu 170. Tin uulpat 02 will 

18 be managed m, ahowa, iu Fig. ID ur IE. 
19 

20 w F sr. i, n section from Fig. 5B o f ™™ of filtered 1 30 photodetectors 25 . 5 _ . _ A 

21 p^no struct"". 70 ^ and positions the light Sector 80 relative to the 

22 filtered 130 ph n tndetectors 255. 
23 

24 ^ 

25 fig, JC u a ALLli o ii fiom rk. 5D of lln auaj uf filte re d 130 phutuJOttU jifc 255. The 

26 ^uum Bum t he muplc duntui b> fibu uplii filti GO wUiLh u ummiiK . d and 

27 posiiiumd lu toumiil die daxclid sputum fimu Ik. »uun>k w ^ ^ fiLtr is 

28 u.iiluil lu u muteauiuHj aiiaj ul filmed 130 ^ lu d uu- tou. 2JJ. A pu Jlluiihg 


29 
30 


21 
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1 summit 79 ^liula and puJlium mi lk ji l d i l lU m 00 iJuti » i Ui Hit Cltuu J 130 

2 phuludiUxUns 255. 
3 

4 p; p SB u an mus t -*™ of the embcv«™nt of Fig. 5 wW in at least one clamp foY 

5 366 structure at least one arc photo Hgtector array 90. 
6 

7 nn 

8 Fig, 5D Us an illtimatluu uf die uabuJiuiuU uf Tiy. 5 wliuc Ik . y uuyl i iifc li t a d 260 -r 

9 t irtl^ fuiiU Ufa clamp 203 luviiig aL lu u l I wo tlamj - j jaw j 266 yybi di iluJiil and 
10 sotim. vuidiiu at l^L ua jnw 266 diuauiL at luul um, lamp 123 aud m at Uart cmr 
H damp jaw 266 at ulIiul at lum o ut an phuludau.lui juaj 90 dial Ik. jaw 

12 266, Ik. clamp 263 L Uu^d, inxi »c a Afliuplu 30 p^iliuuU U> h avi Ik, al Last 

13 urn lamp 123 ami Ik, al lum o ne aiu pUuLudHtctui auaj 90 piiuimal Ik sample 

14 amfau, 35. The ^ pk - iudLlLLlui aiiaj i 90 b dtpiUcd a* an uuaj fillaid 130 

15 p^luducauu 2ZD mliich uuUI pitiuaUj* k u - uidUaui ft u m H i l lamp 123 whm n 

16 ga niplt 30 U Jccuvid. Hil on t puL 02 will k manag e d ^ vvu m Tig. IP ui IE. 
17 

18 Fig. 5E is a section of the photodetector 255 array of Fig. 5D. 
19 

20 « a ton plan n ^cting an additional embodiment of the disclosure in a hand 

21 held case. The option of this embodiment js sem in Fip IF wfrerein all 

22 com ponents ?r encased -within the case 250. 
23 

24 rig. 0 ia u tup plmi dipLlm^ an additional unb o diminl uf Oil dbvlonm. m a baud 

25 Ueld um. muiriug a lighl juuice and hgbl JlIllUji u - iiGgiualion m Ik, form of a 

26 s ampling h e ad, k Oil* unbuJimcul al Ik. .ampUae kad al li^ u t uuc UgU wurcc is 

27 p u M i iun u l k i t laiimi al luul oxie phuUidHcHui. A mUkid oi ailUu b Kqiiiicrl tn 

28 dJdd Ik. light AcmiLL and IklH duu.lui ui pkU o dcliiU^ flum JuuLitm liyft 

29 mmuutul m. an ainbiuii jLidd provided, Ibi mampL, tj > pUulh. ui tumpu 1 1 tb t r 

30 22 
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1 foauu, UUl o ^ . u» Uidivai u l hj Oil -UuUiw. »f fib- 3D and 2C auJ by o t h er arti c les 

2 equally i L m^ L d aj, yiu uidint, ^ duikuub .muaun,. In ih h ill " »■■ '1"' 

3 ^liiig liuul L aaa^cd ^ dial ill. M luui uul li^lu dittUut ui phulu JUllUu b 

4 tuiLal lu uiuumuiuJlj i aiiajtd wumJui&lli liglil mulUu& diudc*. In t his 

5 uubudLuuil Oil liglil uuilliufc JluOtA fulfill thi flmcOuu uf lifelU ^uuill ami a r c 

6 amumUunj i ilred m Ufelilul willi Ua, tyUnw uutput dau,U,d by I k. at l u ul one l i g h t 

7 jqiaui ui pliutuJaiam. Hie upuaiiuu of t his m ibudiiuait igroa rarTig. IF 
g wi w ueiu all luiiipumuts ate eueased within Un uisc 250. 

9 

10 Fig. 6A is a section elevation of Fig 6 depicting the sampling head showing the 

1 1 ambient shield, light emitting diodes and photodetector or light detector fixed by 

12 affixing articles within the sampling head. The output from the light detector is 

1 3 depicted as well as is the case. 
14 

15 is an elev -i™ ^ presentati ™ additional embodiment of the disclosure , 

16 nf this invenfr m *"d of tbe embodiment of Fig. 6. 

18 Hg. 6D b an elmaduu iipiccntaU^ u f an addiliuual uubudimuil uf Ail disclosure 

19 u f UiU mvuitiun - aud uf Un . unbudiutuil uf Fife,- 0 wiliui a oumpUug huid L. afTLccd in 

20 a ca&L, liglil d c teiluiA ail affixed bj > affixing articled willuii Oil AaumUug. UuuL The. 

21 wmplimt haul iiui » lj a simple wbldi " p^itiuuul m bi illuiiiiimlcd bj a light 

22 mwul lamp. Tuii. uuibudiuiuil dtykb Ow, can ai hauiui u u»m wbiili mj vu, as an 

23 a mbient dudd. Additionally Oil aUucIuil uf flu. sampling lica d be of a 

24 mauiMMblt ui pllabli foaui um UMuwa which maj piuudi Oil sUuclmc alluding 

25 an ambiuil shield. Alight .wui 'i x bipul i* depicted fm example Hum a Apccliuiiictcr. 

26 OulpuU fiuu> t he phumdeleetuu aie depicted Much laaj f be hipuU. k> a apectrum 

27 meaMiiiug iiu>UuuucnL wAi as a jpecU ' Oiuctci widi a detector. 
28 

29 
30 
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1 


Fif fiC is a plan "™ of the emMim^t of Fig. 6B illustrating a plurality of light 

2 detectors. illustrat e -* ^ " ™<* detectors. Shown in this fflustfftfrn are 

3 twn light detector ™th ™e Dro y i™! the light source and another distal from the 

4 lieht source. 


1 i g. 6C LiapUu DiLini uf lite uiibuJunuU uf rig. CD Ululating a uluiulUj i uflisto 

g deluAuu, illujuiilul hu., fibu o ptic light dOxta r s. Uliumi iu Oil, illmuatiun arc 

9 lwu UfelU dULciuis nidi uuv yicadujuJ UfeM and auudiu duiul Lum the 

10 light .uuili m i lt thv pmpu^ tum, ^ P*u*i^ ^ J ^ ul P^^MA* ^ iaUu 1 

11 dLtp, bj i U i kiufe tUu Jlflu ci iCL l a wcm UK. tor or - dLLp auu.lnim an d ihL uuir or 

12 alyjluw ^pu-Uum daUi uf giuUcr a^uiaij um be ul / Uiiuid. This diflLiu i u, m e th o d 

13 piuvid^ u putldcugd* urtiuAhm tu impiuvi c u ii u- iiUaLiuu ui ptuputi ui JixuipL 

14 iliAiaitcristk predicti o ns. 
15 

16 Fig. 6D is a section detail view from Fig. 6B illustrating the light source, lamp, light 

17 source securing article, case, sampling head, light detectors positioned proximal and 

18 distal from the light source, light source input and light detector outputs. 
19 

20 Fig- 6E is an elevation view of an embodiment of the disclosure of Fig. 6 wherein the 

21 sampling head structure provided the ambient shield structure. 
22 

23 Fig. 6F is a section detail from Fig. 6E showing light detectors affixed within the 

24 sampling head ambient shield positioned proximal and distal from the light source, a 

25 lamp with lamp input, light detector outputs and a case. 
26 

27 yip 7 is n side elevation showi r f ?™tr,er embodiment in a packinp/soTting line for m, 

28 »f the disclosure. The, K*ht source and lirht detector arr po^oned , proximal the 

29 fMtmple. 

30 24 
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1 ^ 

2 i. J fe . 7 h a j iiL l I l l aLiuii Jhu y^ft aiiulki uubuduiiLiil in a paJdii^uilU% Uul fuiu . 

3 rf^ dlMJittua ilWudkfc a lklU .uur« and ikl* JO l Uui uEGamI and pu.itiuAie^ 

5 ^ i^uuiud iu ,UuUuil Hum wludt aL luul uiic IkU ^ & " ™ ^ 

6 dOu,lui mil bu ,iu.puidul, iwdlj AftCunJ and ulbu wul puali u u u l imJmliufl to «e 

7 wiii iu iuJq, bai, ami u llm IracktL lutou aiLklu. Ik . aL W uul UjHf 
g gumu, u p uiLiu md lu Uliuu L m»pL, ^ Ji a wktfe * 

9 griuat mu . Ik h l dUtUm u puiQuut J bj buala aiihJu . ami IkLi detete rfettui c to 

10 de i a i k, lkUl opaiiuiii uuLpul fluui Lk muiplu Sample m 1UU ilhuUnQuu 

11 umiLjul by u^iui jL luuicjui. TuLal ujjumh. lu Oil at luul uuu lkUl >uui ui .m.1 it 

12 tern lkk ^lUui iuill U. limiltd by llic uaLmt uf Ik. Aauipk Uiuu, im ci t O fc* r rt 

13 and u f lk. uulu JUuuil, Lc. .auipli^ Qua, uuj be Uuihul in a pailOu^ui LkiL, lin e 

14 appliuiliuu fui appk-v, Lu Jul, ui lu^.. llu^u, il mill U. icu^d Ikrt 

15 Melius Liniu, and ^ualtjlu. will k, williiu Oil luurn of fm 0*. u»uiti c »» 

16 disdkwlliutiu. malluuiuuLlialiLdc U.uLo mi u iii lu ik ib ^ - -i . .ipli depicted is 

17 Ju lUl J L u d c l cU Ikk at appiu J Limat^ 30 de grees iwtoUvc Lu tk, dii ix- liua o f ^ 

18 light uuaL n u iu i l iu at luul uul lkk -multi, allWi «aiium uiuu pla t mi l utj u fl i ght 

19 de tecte d) r cklivi lu lkbl j u uiu4fl tan aim U, ulilLxd. Tk, light amm. aud li ght^ 

20 dt.iu.lui ai^ pojatiuuLd piuAluud the Mmpk. Tk. Ufchi &ulucl lamp uxaj bL pu wli l H 

21 Hum a ^umUu ui uauiull) muUulkd b^ Ik, CPU, flic lkliL dLlului mm » n 

22 a iBBlt JSbu uptic fibu ividl Lhc liglil ApccUuiil JUllUaI fuimiub tk. iupm t o m 

23 ^pecumii JulLcliuii uuUumml wdi a& a ^UiuiilIu. TUu pi U LL^iufe ufto liflUt 

24 t,p e tuum dueled U ai> dt&ciibcd mid uA uut iii Tife. 1C and ID 
25 

26 Fig. 7A is a section elevation of Fig 7 depicting the light source, and sample 

27 conveyance system, bracket fixture, light source securing article, lamp input and 

28 spectrometer as a sample moves into iUumination from the light source and toward 

29 the light detector. 

30 25 
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1 


Fig. 7B is a section elevation of Fig 7 depicting the light detector, and sample 

2 conveyance system, bracket fixture, light detector fixture, light detector output, 

3 spectrometer, and detector as a sample moves toward and under the light detector. 


4 


5 gfr 7C is an elevp rinn d ucting at least one light detector 80 and as shOA*R a 

6 p^ral itv of light rW.r.tnrs 80 repr ^nt^ve of mCTWmraits of a phflpflty of, 

7 spectrum regions., 
8 

9 rig. 7C iJ. au dcwaiiuu deleting ai luuL uni lu>i O lLllLu i CO jud aj, *huwn a 

10 pluialilj o f light ik,m,Um 00 ii-jiiwuU*li^ of mwuiuuuiU. uf Jiplm u Ury of 

H ^LUumiLbiuuJ,- Afflluul 130 U^ldLU.aui CO iAiLpu^LiiUili^ uf Oil d i l uli f 

12 atxA.umu uf 700 tu MJimi. luiothei light duu.tui CO U itpi^uiUili > l uf dLtu,iion of 

13 ie q pigment mid dduiuphjll hi the 500 Lu 099iim tuu^ dud 0*. 92C l u 1 1 W nin 

14 W , .mudiu U b hl dU u Uui 00 u iLUiuuiUaht uf JLlLulh i u uf O i l jJl uw pigm e nt 

15 1Lg io,u i» LUl liuiLU uf2J0 lu 199 ^- Twu additional life l a dUiOuu a0 nt .1. 

16 poMliuuul miyuA * Ufeln auuiu. 120 lamp 123 .hilIi thai 0m , ^mu i h, will ua» 

17 j, etW u^i Oil lump 123 and lighl dilLtui 00 ami ttpi^uiULi^ uf an inp u t to 

18 rc feiu^ H^ u umcluj 170 * ,u aum .l y o perating lu Oil 2MM99 uui iiUifcL and 5 00 

19 - H - 50 iuu lau g u Wliuc Oil .ompk. u auplu il i«M K ^luLlJ ttial Hit itf iu n r r 

20 diatmuL addili u uallj will nut ddtd jptUiwu uul uf flit ^ indituU t hr 

21 pii&uuiA, ui iiL^nuu ufa .uaipk- Thu iLfLiuiii e h tl iufuumiUw uui dim he 

22 u&ed lu aidu in flit aduAluu uf updmal simple *ulluu lu ujl f ui piulktion. 

23 BUidJUib iuaj U uiUkul bamua Hit light wuiu- uad dn l%hL ih.U i. luiJ and ox 

24 sample, L. b ., upUum uttluJt but a r c uul luuiltd lu 1) a light dud J jl, a curtain may 

25 uOuid fiwu abiiiLka fiAlmc U,t»aou die Ufetit wvxt* *ud light dutawj inluunc 
2 a die diicU cApuomc uf diL lidil dtiLUui j. lu Hit light wicc ^) ^ ^ l ^ V ' M mv 

27 LAlL-nd uau*u . u die light aima and light d e let e rs *ud miuplt whudii au jpcitii r s 

28 will It furniLd ii r lhc light Jilcld hclwccn Oit lidil ^iiilc uuJ sample lUiuling 

29 sulfate icflc ct iun fiuui die .^uplc lu Uit lijja JLiLLteia mid 3) flu, light diiald rrrry 

30 26 
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1 pr ovid mm fiiuL l hiu. ufc, huil UuiLiUfe uiluffauJ laml^i, Uiwuai Oil lifeh l 

2 W u ami uiuiylL uuutu% Jjl uuAiiUlUj l ufbua m bum dam^ * ^ " uul * J i r 
3 

4 Fig. 7D is a section from Fig. 7C showing the lamp 123 oriented to illuminate the 

5 sample from the side. As illustrated, the sample as an apple is iUuminated from the 

6 stem side. 
7 

8 Fig. 7E is a section from Fig. 7C showing one of the light detectors 80. 
9 

10 ft i fi a sicle e^tion showing additional embodiment of the apparatus 

11 dtgfttnsed in Fig. 7, 
12 

13 rig. 0 i* ix aik Llnuliuu JUuu»iiitl au addiUuual uiibudimuU uf Oil uppmJ U T 

14 Jj^lwui hi fib- 7 whuuu at Lail uai light Jiiuld L uu&Uiwul a UutUt & tn rr 

15 ^ d d, lu ■A.jiuuu. Oil ul luul uiil W juh. u, fl u m i Ll at luiM um. light d rte ctor ~* 

16 « u n pL i* u mv L j u l a ^h. luui Ljm mdu ai ul u+* a lifch t rnrcrc e-towg^ 

17 uudu q iifelU JcL-Ltui. Hii 1i Jil 1'1 '""V h,- f u* Laui and u Jc^U.d ill Fij- n 1 1 n 

18 cuil^ujmpu o uluflmjpuiQ^ m at 

19 luiAl imu uulalu puiduni ove r lap and iLymaXt M Hit .mmpli P**s e s: 

20 

21 Fig. 8A is a section elevation of Fig 8 depicting the light shield and at least one 

22 curtain, light source, and sample conveyance system as a sample moves into contact 

23 with and under the light shield. Fig, 8B is a section elevation of Fig 8 depicting the 

24 light shield, at least one curtain, light detector and sample conveyance system as a 

25 sample moves into contact with and under the light shield. 
26 

27 Wp Q ig an elevat* ™ A- prthm ml ^ MMm*.! embodiment of the hwention 

28 *< * least °™ H ght 80 ***** m ontput * ? t o " ^ ome ter m 

29 h ^n detector?™ ^Htimmal i i m luu 70 L i iiUl H H« "H.'f i'trF ffi 
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1 ^.....ro^j^u .m.iI: m Tl ., .in n ni »^i>muimiuu.ili W mfiuAmlu. 

2 UdbiM i i ni T1 m ?^^um l .Jit.lUl l , r.f1^uuiL q^ 

3 . .,„ ., m.i.ul a tnuM.MULdlM. v» Icmimm' ^ AiH<|n^ 3ie 

4 ^. . cu.nimni,^ i 1 inn ii ' V I ,nni ini ' * 8Mt 

5 n .. i .. Jn . ih -. ioo •■« ■■ ,■■■» ■^^■n.L.iiLL rni I " i * i ■ ^ n ^ 

6 ^ . i, . loo ul.. ..iiuuu l i n ■■ ■.mmu wumA wm i JDS 

7 ■»i.i»muL».iu B ni | ■ r " ■rnTi/?ki.iiu..Jnmm' | M J .ii.. > ui^uului^ 

9 ^ liyhi ^ i r, 1„ 11,1 I70W123. A...rs,u^1i^^.g 

10 mi .. . ..... . ..di^Uv u. u ,LLl20Ui»i.lMiiiidllintfl ...HiliiuaiuiiU te 

11 . „^ . L,rt1. Tk.i f " - i.^lluliLAlif .. .. 101 ....udlkl.v AliiUlu LUitfrol mOMWjQff. 

12 = FU. uTuaux liu'" ^""u 101 AhulU ■ u.ulml M>P ^"H, mnUol 

13 r. , fiwi 172 ha. r r -■ uul.H ...lim.1 wtoH 3 n7 '^'^ » 

14 « . Hm nu.iiL.ni I l.li....iuil. U »l h.MK^m^ 170. Til, gPUlB 

15 r "" Mi "f " " ^ 'I"" ^ ^ 111 1 rn 1 1 * ^ fh "^ 

16 i?n ,, ,,UU, \nw >\ r. TuLiiLLli..1iMi.iu,. lt iiltWPir^VVa>U>Kuia t^ 

17 ;. j ju in Vn . m Uj Oil CWT 17?, Tha ^inUuman onUim 02 capable- ur A/B 

18 , ., r . . ^» to W t - ! mi 172 Tl» ,i^L.umULi 170, ,Lu/uiuK iiipufc 

19 r r ,„ il i.i i L i t. i uuiuul ■ » f .j -i uLJ ju l . i iqu.| U. CPU 172, Mu. mLiii), muun ^ 

20 i .KiicaL L J^ deM- . n, L Li iu udiLT np"'^ i""''""^ * 20 laH> | 1 * 17,3 » 

21 , 100. i i liu t' M " ' "^ »"-"" '^"^ Ufl " '"■"■"»' ui «» ffl MBEttaP* 

22 . . . » ™n. n. L uJLi/ | i TIP. .1 In OH? 178 I' 1 "' 

23 »r. . . ,.„„ ,1,L. I |i| T"*' 1 ' 11 r * 

24 muUul fmnticm. 
25 

26 in ilh^M- urifl f T~*™™™ —nr. for measuring foifr ^ TWHW W «W " 

27 ™ . ^nle « — - ™ show, is „ samnfr with Bni r HnHv sensins means 34& 

28 r^nn^tsd fa the cmwevof ?■«*, a case 250, oollumatinR lenq 18. 
29 

30 28 
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! v- r i nA i„ » sectio - *™ Ko. 10 illustrating the proximity «ryW 340 h fre fag a 

2 of reflectance means. 

3 

4 r; f 1 1 illustrate? the manner of « reference, measurement of ^ W source 12Q 

5 i. ^ m where "w^hv v*. wavelr -r* ca " * oht "" ffd U5 ' D S 

6 ~~ r ™n ■! n l i in) 1 1 • I 1111 r 1 1 " r 

7 i.n -I ruL . . .. [ .. . uu„. L muili.U .'. l ■■■■ml,.i,.LJlLl U l.. II ■ n M I'" 

8 4fl B ajl m wiOi-i r i niimCHI 172. Tin CPU 172. uknv ^»v uilldaeUthi uio-iuice-or 

9 m ., l r J I „ l ,„un ..,„. oi,,,,,,,,,! in ' 1 if « « lim- IimuhluL ui :«tpte 

10 2qS uium .ill .nmidi- * ■ ■ nu.H»i. mnl iol mumOOO cuiiUuijiumUfl 

11 . ,n,,ii»u milium- . . LLUlfi.L.L-liuu . l uJilui ui iu tT,i ill M 

12 - w . . . i-i-lm i luJ i1 . 8ul.ii In U L LUi^ l ■■■■LiuimliL. lmlumlU, ui ulUu puwn H^-l 

13 

14 y Pi n and 13 iHn^te the mecr, ^ ™! insertion of reference m^ns 41Q in prnear th,e , 

15 i^tim, where act™! ^mnle 30 is r, nm™11v measured insertion is by insertion means 

16 including but not limited to an actuator system 400. 
17 

lg w B < 14 a nd 14A illn^e a means o ? ™^°ing the width of apparatus structure by mounting 

19 ^ pht ^nrce 120 b " T« ™ distel fa" " " "" r 1 * ™ ^ ^ CtrUln ^ SM " ple 30 

20 jinked hv reflecti^ 360 and l ens 78 or referen ce )iyh , t transmission means 320 wi t h 

21 spectra received viajm errures 310. 
22 

23 y {f , 1 s and 1 SA HWates snectr* detection from «»»nn1e SO other than discrete increments, 

24 m i. « ■» ™ le whCTe lifiht ™ 1 * p 123 

25 f I—*.- the samol ^ ™ ~™ »0 i^WTO inp^t with lipht detector output 82 
26 ^ M j^ te r ^l7t^«ft 1^ this illustration alerts 130 is 

27 ^ r^Hl^tweent^^rnnl^Oandt hpdeWgO . Ulu*n»tfrns 1 S and lS AjepjcAjn 

28 d etail with filter 130 and mo »«fo» means, a single detector 80, 
29 

30 29 
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1 A H>T! i72.co n t ^1 ^hv C omDirt ^r m r am - nrt Hfflicted in Ffe. 1°. 10A ^ ^ 13 ^> 

2 iaa. IS <vr ISA P a n r™*™ of or * ™" skill will anm*date such, grncture frPTO vfrwfrR 

3 other drawing presented herein. 
4 

5 

6 railed Description 

7 The apparatus and method disclosed herein is illustrated in Fig. 1 through 8. 

8 Fig. 1C, ID, IE and IF are flow diagrams demonstrating the method of this 

9 invention- The flow diagram Fig. 1C is representative of all embodiments of this 

10 disclosure. The flow diagram Fig. ID illustrates one or more light sources 120 and 

1 1 multiple channels from light detector 50 through final prediction of sample 

12 characteristic. Fig. ID demonstrates the method and apparatus of this disclosure 

13 illustrating the light source(s) 120, which may be lamps 123 or other light sources, 

14 which muroinate a sample 30 interior 36, light collection channels l...n, composed 

15 for example of fiber optic fibers 80 or photodetectors 255, e.g., light detector 1-n, of 

16 the spectra from a sample 30 delivered as input 82 to a spectra measuring device, 

17 shownhere as spectrometers) l...n. 170. to me referred embodiment a light source 

1 8 120 with lamp 123 is external to the spectrometer and is controlled by a CPU 1 72 

19 whichtriggerspowernStotteUghtsouiwaOlampnS. Spectrometer l...n 170 

20 channels output l...n are converted from analog to digital by A/D converters l...n 

21 171andbecome,foreachchannel,inputtoaCPU172. The CPU 172 is computer 

22 program controlled with each step, following the CPU 172 in this flow diagram is 

23 representative of a computer program controlled activity. A CPU 172 output is 

24 provided for each channel l....n where the steps of 1) calculation of absorbance 

25 spectra 173 occurs for each channel 1 ...n, 2) combine absorbance spectra 174 into a 

26 single spectrum encompassing the entire wavelength range detected from the sample 

27 by spectrometers 1 ...n 170, 3) mathematical preprocessing or preprocess 175, e.g., 

28 smoothing or box car smooth or calculate derivatives, precedes 4) the prediction or 

29 predict 176, for each channel comparing the preprocessed combined spectra 175 with 
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1 the stored calibration spectrum or calibration algorithm^) 177 for each characteristic 

2 1...X 178, e.g., Rrix, firmness, acidity, density, pH, color and external and internal 

3 defects and disorders, for which the sample is examined, followed by 5) decisions or 

4 further combinations and comparisons of the results of quantification of each 

5 characteristic, l~.x, e.g., determination of internal and or external defects of disorders 

6 179. 180; determination of color 181; detennination of indexes such as eating quality 

7 index 182, appearance quality index 183 and concluding with sorting or other 

8 decisionsl84. Sorting or other decisions 184 may for example be inputprocess 

9 controllers to control packing/sorting lines or may determine the time to harvest, time 

10 to remove from cold storage, and time to ship. The apparatuses depicted m Fig. 1 

1 1 through 8 do not all illustrate the entire flow diagram sequence from illumination of 

12 sample 30 through determination of the predicted result as is depicted in Fig. 1C, ID, 

13 IE and IF. For signal processing initiations, reference is made to the indicated 

14 drawings. 

1 5 Fig. IE is a flow diagram demonstrating the method and apparatus illustrating 

1 6 the light source( S ) 120 as a broad band source, such as a tungsten halogen lamp, 

17 which ilhuninates a sample 30; at least one, but in an embodiment a plurality, of 

18 discrete wavelength filtered (baridpass)phot<)detectors 255 having filters 130 provide 

19 spectrum detection for light collection channels 1...0 (photodetector l...n) of the 

20 spectra from a sample 30. In this embodiment a light source 120 with lamp 123 is 

21 controlled by a CPU 172 which triggers power 125 to the light source 120 lamp 123. 

22 The spectrum detected from the sample surface 35 may be communicated by fiber 

23 optic fibers as light detectors 80 to the photodetectors 255. The management of the 

24 detected spectra is as described for Fig. ID. An alternative to this embodiment may 

25 use an AOTF, (acousto-optic tunable filter) to replace the at least one or a plurality of 

26 photodetectors 255 as the spectrum detection device. 

27 Fig. IF is a flow diagram demonstrating the method and apparatus illustrating 

28 the light source(s) provided by at least one, but in an embodiment a plurality of 

29 discrete wavelength light emitting diodes 257, which may be sequentially fired or 
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1 lighted by a CPU trigger for power 125 to illuminate a sample 30; at least one 

2 broadband photodetector 255 and, in an alternative embodiment a least one 

3 broadband photodetector 255 for each LED 257, provide spectrum detection for light 

4 exertion channels 1..*^^ 

5 management of the detected spectra is as described for Fig. ID. Alternative light 
sources for this embodiment include but are not limited to tunable diode lasers, laser 

7 <Jiode and a filter wheel placed between the light sources) and sample or between the 

8 sample and photodetector(s). 

9 Fig. 1, 1A and IB depict an embodiment of a Nondestructive Fruit Maturity 

10 and Quality Tester 1 for measuring and correlating characteristics of fruit with 

1 1 combined Visible and Near Infia-Red Spectrum showing an embodiment of the 

12 disclosure illustrating a sample holder 5 having a securing or spring biasing article 9 

13 urging a holding article 12 against and in contact with a sample 30. The holding 

14 article depicted in Fig. 1 is illustrated as essentially a hemisphere sized to receive a 

15 sample 30. The sample has a sample surface 35. At least one Ught source 120 will 

16 be employed proximal the sample surface 35. The light source 120 is comprised of at 

17 least one lamp 123, optional filters 130. Here illustrated are two light sources 120 

18 each directed essentially orthogonally to the sample surface 35 and illuminating the 

19 sample 30 approximately 60 TO 90 degrees relative to each other. A light detector 

20 80 is depicted as directed to detect light from the sample surface 35 at approximately 

21 30 TO 45 degrees relative to the direction of the light cast from either light source 

22 120. The Ught detector 80 is illustrated as positioned by a light detector fixture 50 

23 having a Ught detector securing or spring biasing article 60 placing, holding and or 

24 urging a Ught detector 80 into contact with the sample surface 35. Monitoring of the 

25 Ught source 120 is depicted by Ught detectors 80 depicted as directed toward the lamp 

26 123 output; the output 82 of tfiese reference light detectors 80 is detected by a 

27 reference spectrometer 170; an alternative to the use of two spectrometers 170 will be 

28 the sequential measurement of reference Ught detectors 80 and the Ught detector 80 

29 directed to the sample surface 35. All light detector 80 are fixed by light detector 
30 
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1 fixtures 50 by Ugbt detector securing ox spring biasing articles 60 to a plate 7 or other 

2 containing device such as a case. The securing article 9 urging the holding article 12 

3 against the sample 30 also urges the sample against the light detector 80. The 

4 securing article 9 and holding article 12 in combination with the light detector 80 and 

5 light detector securing article 60 secure and prevent me sample 3 

6 The sample 30 is shown, in Fig. 1. as an apple. The light sources 120 may be, for 

7 example, tungsten/halogen lamps. An optional filter 130 or filters 130 functioning as 

8 heat bkn*, bandpass and or cmofmte^^^ 

9 positioned between the lamp 123 and the sample 30 or between the sample 30 and the 

10 light detector 80. The light sources 120 may be lamps 123, provided for example by 

1 1 external SOWatt, 75 Watt, or 150 Watt lamp sources controlled by a CPU 172. 

12 Power 125 can be provided by power supply from a spectrometer 1 70 or from an 

13 alternate power supply. Both the light sources ) and the spectrometer(s) are 

14 controlled by a CPU 1 72 and their operation can be precisely controlled and 

15 oritimally synchronized using digital input/output (I/O) trigger. The light detector 80, 

16 shown here as a fiber-optic sensor, provides a light detector output 82 which 

17 becomes the input to a spectrometer 170, or other spectrum measuring or processing 

1 8 instrument, which is detected by a detector 200, e.g., at least one light detection 

19 device or article, such as a CCD array which may be a CCD array within a 

20 spectrometer 170. The sample holder 5, light detector fixture 50 and light detector 

21 securing article 60 and light sources 120 with light source securing article 122 are 

22 affixed to a plate 7, fox experimental purposes but will be otherwise enclosed and or 

23 affixed in a container, case, cabinet or other or other fixture for commercial purposes, 

24 e.g., applications include and are not limited to sample measurements on high speed 

25 sorting and packing lines, harvesters, trucks, conveyor-belts and experimental and 

26 laboratory. Other brackets, fixtures or articles may be employed to secure or position 

27 either sample holders 5, light detectors 50 and or samples 30 requiring only that the 

28 device or method used retain the sample 30 in position relative to the fight source 120 

29 and light detector 50 during the period of measurement; fixing methods including 
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1 welds, bolts, screws, glue, sheet metal forming and other methods may be used to 

2 secure such items for either experimental or commercial purposes.. 

3 Fig. 2, 2A, 2B, 2C, 2D and 2E depicts an alternative embodiment of the 

4 Nondestructive Fruit Maturity and Quality Tester 1 depicting a single light source 

5 120, with lamp 123 and optional filter 130 and with multiple light detectors 80 in 

6 contact with the sample surface 35. This depiction of the relative positioning of the 

7 light detectors 80 with the sample 30 or sample surface 35 is directed to the shielding 

8 of the light detector 80 from ambient light and is intended to demonstrate either direct 

9 contact between the light detector 80 and the sample surface 35 or shielded a shield 

10 84 composed, for example, by bellows, a foam structure or other pliable or 

1 1 compressible article or apparatus providing a sealing structure or shield method of 

12 insuring that the light detector 80 is shielded from ambient light and light from the 

13 light source 120 and receives light spectrum input solely from the sample 30. The 

14 positioning of the light source 120 relative to the light detector* 80 illustrate a 

15 positioning of one light detector 80 at angle theta of approximately 45 degrees to the 

16 direction of the light as directed by the light source 120 to illuminate the sample 30. 

17 The second light detector 80, in this iUustration, is at angle gamma of approximately 

18 180 degrees to me direction of the Hgte^ ™ e 

19 positioning of the light detector 80 at approximately 180 degrees to the direction of 

20 the light as directed by the light source 120 may be a position utilized for the 

21 detection of internal disorders within the sample, e.g., internal disorders within 

22 Tasmania Jonagold apples, such as water core, core rot, internal 

23 browning/breakdown, carbon dioxide damage, and, in some cases, insect 

24 damage/mfestotion. The light detectors 80 in this iUustration are suggestive of the 

25 many light detector 80 positions possible with the positioning dependent on the 

26 sample and the characteristic or characteristics to be measured or predicted. In this 

27 illusion the light detectors 80 are positioned to detect within the same plane as the 

28 ligmdirectedfromthelightsourcel20. The orientation of 180 degrees between light 

29 source 120 and light detector 80 will be preferred for smaller samples. Larger 

30 34 


Received from < 5097353585 > at 10/3/03 5:47:18 PM [Eastern Daylight Time] 


OCT.03'2003 13:35 5097353585 LIEBLER, IVEY S CONNOR #3697 P. 036/070 


1 samples 30 will attenuate light transmission thus requiring the location of the light 

2 detector 80 proximal the light source 120 to ii^ exposure to Ught spectrum output 

3 82 characteristic of the sample 30. The orientation of the light source 120 and light 

4 detectors 80 is sensitive to fruit size, fruit skin and fruit pulp or flesh properties. The 

5 orientation where the sample 30 is an apple will likely preclude a 180 degree 

6 orientation because of limitations in proximity and intensity of the light source 120 as 

7 being likely to damage or burn the apple skin. However, orange skins are less 

8 sensitive and may withstand, without commercial degradation, a light source 120 of 

9 high intensity and closely positioned to the orange surface. Generally, the signal 

10 output or light detector output 82 Is dependent on the orientation of the light source 

1 1 120 relative to the sample 30 and sample surface 35 and the light detector 80. 

12 Fig. 2B and 2C depict an alternative orientation of light detectors 80 where 

13 the light detectors 80 are oriented at angle theta of approximately 45 degrees to the 

14 direction of the light as directed by the light source 120. This illustration 

15 demonstrates two light detectors 80 positioned approximately 90 degrees apart and 

16 positioned to detect light from approximately the same plane. One of ordinary skill 

17 in the art will recognize from these illustrations that the positioning of the light 
1? source or light soiwces and light detector or detectors will depend on the 

19 measurement intended. Fig. 2D and 2E depict a shielding method or apparatus, e.g., 

20 in the form of a bellows or other shield 84 article shielding the light detector from 

21 ambient light and enabling the light detector to solely detect light spectrum output 

22 from the sample. The shield 84 structure may be formed of a flexible or pliant 

23 rubber, foam or plastic which will conform to the surface irregularities of the sample 

24 and will provide a sealing fraction between the shielding material and sample surface 

25 which will eliminate introduction of ambient light into contact with the light detector. 

26 The shield 84 is depicted in the form of a bellows in Fig. 2D and 2E. 

27 Fig. 1,2 -4, 6, 7 and 8 depict light sources wmch may ^ 

28 spectrometers 170 (as in the case of Fig. 3) or external lamps controlled by CPU 172 

29 (as in case of Figs. 1,2,4-8). In all cases of Fig. 1 -4, 6, 7, and 8, tungsten halogen 
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1 lamps or the equivalent are used which generally produce a spectrum within the range 

2 of 250-1 150 nm when the filament temperature is operated at 2500 to 3500 degrees 

3 kelvin. TheUghtsour^JorthemveDtiono^sclosedheremmaybeabroadW 

4 lamp, which for example, but without limitation, may be a tungsten halogen lamp or 

5 the equivalent, which may produce a spectrum within the range of 250-1 150 nm; 

6 other broadband spectrum lamps may be employed depending upon the sample 30, 

7 characteristics to be predicted, and embodiment utilized Hie light detector 80 output 

8 82 in these embodiments will generally be received by a spectrometer 170 having a 

9 detector 200 such as a CCD array . 

10 Fig- 3, 3A and 3B depict an alternative embodiment of a Nondestructive Fruit 

1 1 Maturity and Quality Tester-Combined Unit 15 of a combined unit 126 having a 

12 combined source/detector 135. The source of light and method of light detection in 

13 this embodiment may be a light source 120, lamp 123 and light detector 80 

14 configuration where the light source 123 lamp 123 is communicated by fiber optics 

15 from an illumination source, e.g., a lamp such as the lamp at a spectrometer 170; light 

16 detection is provided by light detectors 80, e.g„ fiber optics or other manner of light 

1 7 transmission, positioned in varying relationships to the lamp 123 as shown in Fig. 3A 

18 and 3B. Fig. 3A is a section from Fig. 3 showing the combined unit 126 where a 

19 combined source/detector 135 has an alternative source of light and light detection; 

20 the source oflight, depicted as aplu^^^ 

21 emitting diodes 257 emitting discrete wavelengths; the light detection may be a 

22 broadband photodiode detector 255 central to concentrically positioned LEDs. The 

23 combined unit 1 26 and sample holder 5 are mounted to a plate 7 or other mounting or 

24 containing fixture, case, cabinet or other device suitable for commercial or 

25 experimental purposes, for example with a bracket or other mounting article, so as to 

26 be fixed or as to have a spring or other biasing function to urge the combined unit 126 

27 and sample holder 5 against the sample. A light shield 84, as depicted in Fig. 2D and 

28 2E may be used between the combined source/detector 135 and the sample surface 

29 35. Fig. 3B is a section fiom Fig. 3 showing an additional embodiment of a 
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1 combined unit 126 where a centrally positioned light source 120 lamp 123, for 

2 example light via fiber optics from a tungsten halogen lamp, is concentric to at least 

3 one and, as depicted here a plurality, of discrete wavelength photodetectors. The 

4 output of the at least one detection fibers or light detectors 80 is the input to a 

5 spectrometer 170 or other spectral measuring instrument such as a photodetector 255. 

6 Depicted is a spectrometer 170 having a detector 200. Alternatively, light source 

7 delivery and detection for the embodiment of Fig. 3B may be by a bifurcated 

8 reflectance probe; alternatively, it is recognized that a reflectance probe may provide 

9 one or more light delivery sources and one or more light detectors providing inputs to 

10 one or more spectrometer. While Fig- 3 A illustrates LEDs 257 concentrically 

1 1 positioned around a broadband photodiode detector 255, h will be recognized that the 

12 LEDs of this embodiment, as well as the light sources 120 of other embodiments, can 

13 be placed in other arrangements, e.g., the photodiode detector 255, as well as the 

14 detectors 80 of other embodiments can be 180 degrees opposite a circle of LEDs 257 

15 and the sample 30 placed between the LEDs 257 and the photodiode detector 255, 

16 e.g., for cherries or grapes; alternatively, the LEDs 257 can be placed on an axe, 

17 equidistant and 180 degrees opposite from the photodetector 255 in relationship to 

18 the sample 30. These two arrangements ate suggestive of the positioning 

19 relationships of LEDs 257 (light sources 120), photodiode detectors 255(light 

20 detectors 80) and samples 30 as well as the instance where other types of light source 

21 and detectors are employed including, for example, the use of filtered photodetectors 

22 255 with a broadband lamp 123, as Ulustrated in Fig. 5. In each embodiment the 

23 particular sample 30 tvj>ec*>mU^ 

24 will dictate the pattern of light source 120 and Light detector 80 in relation to the 

25 sample 30. Additionally, it is to be recognized that light source used herein includes 

26 broadband lamps such as the tungsten halogen lamp, LEDs and other light emitting 

27 devices; light detectors used herein includes fiber optic fibers, photodiode detectors 

28 and other devices sensitive to and capable of detecting light. 
29 
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! Fig. 4 is a top plan depicting an alternative embodiment of a Nondestructive 

2 Fruit Maturity and Quality Tester 1 showing at least one light source 120 and lamp 

3 123 and light detector 50 configuration where at least one, and as depicted in this 

4 illustration two, light source 1 20 and lamps 123 are communicated by fiber optics to 

5 or proximal the sample surface 35, from an illumination source, e.g., a lamp 123 or 

6 other external light source. Light detection is provided by light detectors 80, e.g., 

7 fiberopticsoromermemodoflighttrai^ssion. In this embodiment the light 

8 sources 120 and light detector 80 are in contact with the sample surface 35. The light 

9 detector 80 detects the light spectrum output from the sample 30 and providing light 

10 detector input 82 to a spectrum measuring or processing instrument or method 
U mcludmg,fo* example, a spectiom^ 

12 samples, the light detector 80 will be inserted into the sample 30 thus effecting a 

13 shielding of the light detector 80 from ambient light, e.g., on harvester-mounted 

14 applications or in a processing plant where the product will be processed such as 

15 sugarbeetsorgrapes. Otherwise, the light shield 84 depicted in Fig. 2D and 2E is 

16 applicable to the interrelationship of the sample 30 and sample surface 35 with the 

17 light detector 80 and light source 120 and lamp 123. Illustrated in Fig. 4 is the 

18 connection of the light detector outputs 82 from the at least one light detector 80 

19 forming the input to a spectrum measuring or processing instrument It will be 

20 recognized that each component of this embodiment will be affixed by conventional 

21 methods to a plate 7 or other mounting or containing fixture, case, cabinet or other 

22 device suitable for commercial or experimental purposes. 

23 Fig. 5 fcatopplandepictmganaltenuuveemto 

24 Fruit Maturity and Quality Tester 1 in a hand held case 250 showing a light source 

25 120 and at least one light detector 80, shown here as six light detectors 80, 

26 configuration in the form of a sampling head 260. In this embodiment at the 

27 sampling head 260 at least one light source 120 lamp 123 is positioned in relation to 

28 light detectors 80 provided by at least one discrete-wavelengthpnotodetector 255. 

29 Shown in Fig. 5 are a plurality of discrete-wavelength photodetectors 255, filling the 
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1 combined function of light detector 80, and spectrum detecting instrument such as a 

2 CCD array detector 200. The operation of this embodiment is seen in Fig. IE 

3 wherein all components are encased within the case 250. Electronic and computer 

4 communication between the sampling head 260 and the computer control circuitry is 

5 via electronic signal cabling 265 or wireless including infrared or other such 

6 transmission method or apparatus. The sampling head 260 ambient shield 262 will 

. 7 provide a shielding method or apparatus, e.g., fulfilling the same or similar structural 

8 function as the shield 84 in Fig. 2D and 2E, in shielding the at least one photodetector 

9 255 and lamp 123 from ambient light The sampling bead 260 and ambient shield 

10 262, depicted in Fig. 5 and 5A may be formed from a pliable polyfoam within which 

11 the at least one lamp 1 23 and at least one photodetector 255 may be secured by a 

12 fixture article. The material or structure forming the sampling head 260 and ambient 

1 3 shield 262 may be flexible or pliable foam, in the form of a bellows or other shielding 

14 article similar to that depicted in Fig. 2D and 2E. The use of a pliable polyfoam to 

1 5 form the ambient shield 262 will serve to seal out or preclude exposure, by a sealing 

16 action between a sample surface 35 and the ambient shield 262, of the at least one 

17 photodetector 255 and lamp 123 from ambient light. Other shielding apparatus and 

18 methods will provide adequate shielding structure including bellows, a case or box 

19 enclosing the sampling head 260 and sample 30 or other such article providing 

20 shielding structure between ambient light and the interface between the sampling 

21 head 260, the at least one photodetector 255 and lamp 123 and me sample 30 and 

22 sample surface 35. The operation of this embodiment is seen in Fig. IE wherein all 

23 components are encased within the case 250. 

24 Fig. 5 and 5A illustrate the sampling head 260 arranged so that at least one, 

25 and as illustrated in Fig. 5, a plurality of dLscrete-wavelength filtered 1 30 

26 photodetectors 255 are concentrically arrayed in relation to the centrally positioned at 

27 least one light source 120. The light source 120 lamp 123 which may be 

28 communicated by fiber optics from an Mumination source, e.g., a lamp within the 

29 case 250 or may, for particular samples 30. e.g„ oranges, be present to be in contact 
30 
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1 with or closely proximal the sample surface 35. Electrical communication and light 

2 communication is effected between the light source 120 and photodetectors 255 and a 

3 spectrometer 170 by fiber optics and or wiring, printed circuit paths, cables. The 

4 photodetectors 255 fulfill a spectrometer ox spectral measurement function, provides 

5 the input 82 which will be processed with microprocessor stored calibration 

6 algorithm to produce an output representing one or more parameters of the sample. 

7 Fig. 5A is a side elevation of Fig 5 depicting a sample positioned on the sampling 

8 head. 

9 Fig. 5B.5C.5D and 5E illustrate embodiment of the invention directed 

10 particularly to small samples 30, e.g., grapes and cherries, where the sampling head 

11 260 bin the form ofa clamp 263 having at least two clamp jaws 266 which receive 

12 and secure within at least one jaw 266 structure at least one lamp 123 having a light 

13 source input 125 and in at least one clamp jaw 266 structure at least one light detector 

14 80 such that the jaws 266, when the clamp 263 is closed, receive a sample 30 

15 positioned to have the at least one lamp 123 and the at least one light detector 80 

16 proximal the sample surface 35. The light detector 80 is depicted as a fiber optic 

17 fiber transmitting spectrum from the sample to an array of filtered 130 photodetectors 

18 255 or a spectrometer 170. The output 82 will be managed as shown in Fig. ID or 

19 IE. Fig. 5B depicts a light detector 80 as a fiber traMimtting spectrum from a sample 

20 30 to be displayed on a filtered 130 photodetector array 255 where the fiber 80 is 

21 contained and positioned to transmit the drtected spectrum from the sample 30 so 

22 that the fiber 80 is central to a concentrically arrayed filtered 130 photodetectors 255. 

23 A posrtioning structure 79, which may be tubes interconnected to position the fiber 

24 light detector 80 central to the photodetector array 255, secures and positions the light 

25 detector 80 relative to the filtered 130 photodetectors 255. A coUimating lens 78 will 

26 be positioned between the light detector 80 fiber and the array 255 to insure that light 

27 fro TO the light detects 80 is n^ Fig - 

28 5F depicts an arc photodetector array 90 received and secured within at least one jaw 

29 
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1 266 structure where the photodetectors 255 within the photodetector array 90 are 

2 preferably equidistant from the light source 120 or lamp 123. 

3 Fig. 6 through 6F illustrate an additional embodiment of the Nondestructive 

4 Fruit Maturity and Quality Tester 1 . Fig- 6 is a top plan depicting an additional 

5 embedment of the disclose ^ 

6 120 in the form of LEDs 257 and light detector 80, in the form of a photodetector 

7 255, configuration m we form of a sanm^ With the LED 257 and 

8 photodetector 255 configuration, the photodetector 255 is used without filters, i.e., 

9 wavelength bandpass filters, and is sensitive from -250-1 150 m Alternative 

10 devices or methods for providing light source and light detection includes, but is not 

11 limited to diodelasers and other light sources producing a discrete wavelength 

12 spectrum. In this embodiment at the sampling head 260 at least one LED 257, and as 

13 illustrated in Fig. 6, a plurality of LEDs 257, is positioned in relation at least one 

14 photodetector 255. A method or article is required to shield the LEDs 257 and 

15 photodetector/photodiode detector 255 from ambient light which is illustrated as an 

16 ambient shield 262 including structures of compressible and pliable foam, bellows as 

17 indicated by the shield 84 structure of Fig. 2D and 2E and other such materials, 

18 structures or articles. In this illustration the sampling head 260 is arranged so that the 

19 at least one photodetector/photodiode detector 255 is central to concentrically arrayed 

20 discrete wavelength LEDs 257. In this embodiment the light emitting diodes 257 

21 fulfill the function of light source and are sequentially fired or lighted with the 

22 spectrum output detected by the at least one photodetector/photodiode detector 255. 

23 The photodetector 255 output 82 is processed as demonstrated in Fig. IF- 

24 The photodetector 255 is responsive to a broad range of wavelengths, both 

25 visible and near-infrared (i.e., -250-1 150 nm). When each LED 257 is fired, the light 

26 enters me sample 30, interacts with the sample 30, and ^emerges to be detected by 

27 the photodetector 255. The photodetector 255 produces a current proportional to the 

28 intensity of light detected. The current is converted to a voltage, which is then 

29 digitized using an analog-to-digital converter. The digital signal is then stored by an 
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1 embedded microcontroUet/microptocessor. The nucrocontroller/microprocessor used 

2 in the preferred embodiment is an Intel 8051. However, other microprocessors and 

3 other devices and circuits will perform the needed tasks. The signal detected by the 

4 photodetector 255 as each LED 257 is fired is digitized, A/D converted and stored. 

5 After each LED 257 has been fired and the converted signal stored, the 

6 microprocessor stored readings are combined to create a spectrum consisting of as 

7 many data points as there are LEDs 257. This spectrum is then used by the embedded 

8 microprocessor in combination with a previously stored calibration algorithm to 

9 predict the sample properties of interest Signal processing then proceeds as shown 

10 in Fig. IF. Fig.6AfeasectionelevationofFig6depictir«thesamplinghead260 

1 1 showing the ambient shield 262, composed for example of compressible foam or 

12 bellows or other such structure, e.g., a rubber plunger, originally designed for a 

13 vacuum pick-up tool which looks much like a toilet plunger, but has a more gentle 

14 curve and is available in a variety of sizes including 1mm diameter and larger; in 

1 5 certain of these embodiments a 20 mm rubber plunger was used with a pickup fiber 

16 optic operating as the "handle" that couples to the plunger. The sample then makes a 

17 seal with the plunger prior to measurement. Other devices or methods will also 

18 provide the requisite sealing structure, as described in this specification. Also shown 

19 are Ught emitting diodes 257 and light detector/photodiode detector 80 fixed by 

20 affixing articles within the sampling head 260. The affixing articles will be 

21 composed of bracket articles and other mounting structure recognized by one of 

22 ordinary skill. The output 82 from the light detector 80 is depicted as well as the case 

23 250 with processing as shown in Fig. IF.. 

24 Fig. 6B, 6C and 6D are representative of an additional embodiment of the 

25 disclosure of this invention where a sampling head 260 is affixed in a case 250, Ught 

26 detectors 80 are affixed by affixing articles within the sampling head 260. The 

27 sampling head 260 receives a sample 30 which is positioned to be fflummated by a 

28 Ught source 120 lamp 123. This embodiment depicts the case 250 as having a cover 

29 which serves as an ambient shield 262. AdditionaUy, the structure of the sampling 
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1 head 260 may be of a compressible or pliable foam or a bellows which may provide 

2 the structure allowing an ambient shield 262. Ambient light can also be measured 

3 after the sample 30 is in place, but before the light source 120 lamp 123 is turned on. 
This ambient light signal is then stored and subtracted accordingly for subsequent 
measurements. A light source input power 125 is depicted for example from a 
spectrometer 170 or may be from a CPU 172 trigger or other external lamp source 
aad/or power supply. Outputs 82 from the light detector/photodiode detectors 80 are 

g depicted and processed as shown in Fig. IF. 

9 Fig. 6E and 67 are representative of an embodiment of the disclosure wherein 

10 the lamp 123 is positioned within the sampling head 260. Alternatively, the lamp 123 

11 may be positioned by an affixing article within the ambient shield 262. 

1 2 Another embodiment in a packing/sorting line form of the disclosure is 

13 depicted in Fig. 7, 7A and 7B mustrating alight source 120 and light detector 80 

14 affixed and positioned by bracket articles 275, light detector fixture 50 and light 

15 source securing articles 122 which will be recognised as mounting structure from 

16 which at least one light source 120 and at least one light detector 80 will be 

17 suspended, rigidly secured and olherwise positioned including the use of such as rods, 

18 bars and other such bracket article 275 fixtures . The at least one light source 120 is 

19 positioned to ffluminate a sample 30, depicted in this drawing as an apple. The at 

20 least one light detector 80 is positioned by bracket articles 275 and light detector 

21 fixture 50 to detect the light sr^ctnm 

22 Samples 30, in this illustration are conveyed by a sample conveyor 295. Total 

23 exposure to the at least one light source 1 20 and at least one light detector 80 will be 

24 determined by the intensity of the light source used ar«l the nature of the sample 

25 being interrogated. For apples, exposure times of 5-10 msec or less are commonly 

26 used to provide multiple measurements per apple at line speeds up to 20 fruit/second. 

27 The at least one light detector 80 depicted in Fig. 7 illustrates a separation of the light 

28 detector 80 from the light source 120 of approximately 90 degrees with both light 

29 detector 80 and light source 120 essentially orthogonal to the sample in the same 
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1 plane. However, for each embodiment of this disclosure, the positioning of the light 

2 detector(s) 80 and of the light sources(es) 120 relative to each other and relative to 

3 the sample is dependent on the characteristics of the sample and of the qualities 

4 sought to be measured. For example, the light source 120 may be positioned to be 

5 directed essentially orthogonal to the sample surface 30 in a plane oriented 90 degrees 

6 from the plane to which the light detector 80 is directed. Tie light source 120 and 

7 light detector 80 are positioned proximal the sample 30. The light source 120 lamp 

8 123 may be powered from a spectrometer 170 or other external source, as noted in the 

9 discussion of Fig. 1. The light detector 80 may be a single fiber optic fiber with the 

10 light spectrum detected forming the output 82 to a spectrum detection instrument 

11 S ucha S aspectrometerl70anddetector200. The processing of the light spectrum 

12 detected is as described and set out in Fig. IC 

13 Another embodiment directed to sorting/packing lines is seen in Fig. 7C, 7D 

14 and7E depicting at least one light detector 80 and as shown a plurality of light 

1 5 detectors 80 representative of measurements of a plurality of spectrum regions. A 

16 filtered 130 light detector 80 is representative of the detection of spectrum of 700 to 

1 7 925nm, another light detector 80 is representative of detection of red pigments and 

1 8 chlorophyl in the 500 to 699 nm range and water, alcohols and physical quality (e.g., 

19 firmness, density) information available inthe 926 to 1 1 50 nm range, another Ught 

20 detector 80 is representative of detection of the yellow pigment region in the range of 

21 250 to 499 nm. Two additional light detectors 80 are shown positioned opposite a 

22 light source 120 lamp 123 such that the sample will pass between the lamp 123 and 

23 light detector 80 and is representative of an input to two reference spectrometers 170, 

24 one monitoring the 250-499 nm wavelength region and the other monitoring the 500- 

25 1150 nm region.. Where the sample is an apple it will be expected that the reference 

26 channel additionally will not detect spectrum out of the sample and will indicated the 

27 presence or absence of a sample. The output of the reference channel(s) can be used 

28 as an object locator to determine which spectra from the sample light detectors) to 

29 retain for use in prediction. Shielding may be utilized between the light source 120 
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I lamp 123 and the light detectors 80 and or sample 30, e.g., options include but are not 
limited to 1) a light shield 284 as a curtain 285 may extend from a bracket fixture 275 
between the Light source 120 lamp 123 and light detectors 80 reducing the direct 
exposure of the light detectors 80 to the light source 120 lamp 123, 2) the light shield 
285 may extend between the light source 120 lamp 123 and light detectors 80 and 

v sample 30 therein an aperture will be formed in the light shield 284 between the 

7 light source 120 lamp 123 and sample 30 limiting surface reflection from the sample 

8 surface 35 to ihe light detectors 80 and 3) the light shield 284 may provide filter 130 

9 function, e.g., heat blocking, cutoff and bandpass, between the Ught source I201amp 
10 123 and sample surface 35 limiting the possibility of heat or bum damage to Ihe 

II sample 30. 

1 2 An additional embodiment is seen in Fig. 8, 8A and 8B wherein at least one 

13 light shield 284 is positioned by a bracket article 275 to separate the at least one Ught 

14 source 120 and lamp 123 from the at least one Ught detector 80 as a sample 30 is 

15 conveyed by a sample conveyor 295 under and past a light source 120 and lamp 123 

16 toward and under a light detector 80. The Light shield 284 may be a curtain 285 and 

17 is depicted in Fig. 8 as a curtain 285 composed of at least one portions and as shown 

18 in Fig. 8A of two portions or a plurality of portions, each suspended from a bracket 

19 article275. Where there are a plurality of curtain 285 portions, the respective curtain 

20 285 portions will overlap and separate as the sample 30 passes. 

21 In this embodiment, as shown in Fig. 8, the sample 30, for example an apple, 

22 isconveyedbyapacldng/sortingwnveyancesy S tem29 A cycle will be repeated as 

23 each sample 30 moves toward, into contact with, under and past the light shield 284. 

24 The packing/sorting conveyance system 295 wiU have samples 30 sequentially 

25 positioned on 1he conveyance system 295 such that the space between sample 30 is 

26 nnnimal generally in relation to the sire of sample 30. As the sample 30 moves 

27 toward, but is not in contact with, the light shield 284 the sample 30 will be 

28 Uluminated by the light source 120 while the Light detector 80 will detect only 

29 ambient light and will be shielded from the Ught source 120. As the sample 30 
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1 moves into contact with and under the light shield 284 the sample 30 will, while 

2 continuing to be iUuminated by the light source 1 20, be exposed to the light detector 

3 80 which will detect spectrum from the sample 30. When the sample 30 moves past 

4 the light shield 284 the light detector 80 will again be shielded from the light source 

5 120 and will detect only ambient light The light source 120 may, for example, be a 

6 tungsten/halogen lamp or light transmitted by optics to illuminate the sample 30. The 

7 light detector 80, for example a optic fiber detector, is positioned such that the sample 

8 surface 35 will be proximal to the light detector 80 as the sample 30 contacts and 

9 passes under the light shield 284. The light shield 284 may be composed of a flexible 
10 or pliable sheet opaque to the spectra to which the light detector 80 is sensitive and 
U may be comprised, for example, of silicone rubber, Mylar, thermoplastics and other 

12 materials. The light detector 80, light shield 284 and light source 120 will be 

13 mechanically affixed by bracket articles 275 or other mounting apparatus or methods 

14 readily recognized by those of ordinary skill in the art or measurement at 

15 packing/sotting systems. 

16 An alternative configuration of the embodiments of Fig. 7 and 8 will employ a 

17 plurality of light sources 120 including, for example a light source 120 muminating 

18 the sample 30 from the top with a second light source 120 muminating the sample 30 

19 from the side or two light sources 120 illuminating the sample 30 from opposite sides 

20 illustrating the multiple positions which may be employed for light sources 120. A 

21 pharaHty of Ught detectors 80 wiUvi^ 

22 locations with each light detector 80 output 82 either sensed by a separate 

23 spectrometer or combined to form a single output 82. Where a plurality of outputs 82 

24 ate received by a plurality of spectrometers 170 at least one spectrometer 170 will 

25 have a neutral density filter installed to block some percentage, e.g. 50%, of the 

26 output 82 from the light detector 80 with this spectrometer 1 70 to provide data from a 

27 particular spectral range, e.g., approximately 700 to approximately 925 nm. A second 

28 spectrometer will not use a filter and will saturate from approximately 700 to 925 mn 

29 but will yield good signal to noise (S/N) data from approximately 500 to 699 nm and 
30 
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1 approximately 926 to 1 150 nm. Other outputs 82 to filtered input spectrometers 170 

2 will permit the exammation of specific spectral ranges. Additionally, this method 
* allows the use of the same exposure times on both, or a plurality of, spectrometers 

4 170 making them easier to control in parallel. This is essentially the dual exposure 

5 approach using filtered input 82 to the spectrometer 170 rather than different 

6 exposure times. The blocking of light to one spectrometer 170 effects the same result 

7 as using a shorter exposure time. The dual intensity approach proves problematic 

8 because the high and low intensity spectra are not easily pasted or combined together 

9 due to slope differences in the spectra, however the dual intensity approach may be 

10 preferred for predicting certain parameters (e.g., firmness, density ) with certain 

1 1 sample types (e* stored fruit or oranges). While the dual exposure approach yields 

12 excellent combined spectra, both approaches provide useable combined spectra, 

1 3 which are necessary for firmness and other parameter prediction and also improved 

14 Brix accuracy. 

1 5 Typically, Partial Least Squares (PLS) regression analysis is used during 

1 6 calibration to generate a regression vector that relates the VIS and N1R spectra to 

17 brLx, firmness, acidity, density, pH, color and external and internal defects and 

18 disorders. This stored regression vector is referred to as a prediction or cafibration 

19 algorithm. Spectral pre-processing routines are performed on the data prior to 

20 regression analysis to improve signal-to-noise <S/N), remove spectral effects that are 

21 unrelated to the parameter of interest, e.g., baseline offsets and slope changes, and 

22 "normalize" the data by attempting to mathemat^ry correct for pathlength and 

23 scattering errors. A pre-processing routine typically includes "binning", e.g., 

24 averaging 5-10 detector channels to improve S/N, boxcar or gaussian smoothing (to 

25 improve S/N) and computation of a derivative. The 2nd derivative is most often 

26 used, however, the 1st derivative can also be used and the use of the 4th deri vative is 

27 alsoapossibility. T^fym^ptedk^^^of^^^^^ 

28 smoothing and a baseline correction or normalization; where no derivative is used. 

29 For Brix and other chemical properties, a 2nd-derivative transformation often is best 
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! Using a Principal Components Analysis (PCA) classification algorithm, soft 

2 fruit and very finn fruit can be uniquely identified from moderately firm fruit. Also, 

3 under-ripe and ripe fruit can be separated and spoiled, e.g., higher pH, or rotten fruit 

4 can be identified for segregation. The NIK spectra of whole apples, and other fruit, in 

5 the approximately 250-1 1 50 nm region also show correlation with P H and total 

6 acidity. The 250-699 nm wavelength region contains color information, e.g., 

7 xanthophylls, yellow pigments, absorb in the 250-499 nm region; anthocyanin, which 

8 is a red pigment, has an absorption band spanning the 500-550 nm region, improves 

9 classification or predictive performance, particularly for firmness. An example is the 

10 prediction of how red a cherry is by measuring and applying or comparing the 

1 1 anthocyanin absorption at or near 520 nm to the pertinent predictive or classification 

12 algorithm. Under-ripe oranges, having a green color, can be predicted by 

1 3 measurement of sample spectrum output 82 in the chlorophyll absorption region 

1 4 (green pigments) at or near 680 nm and applying the measured output 82 spectrum to 

15 the pertinent predictive algorithm. The spectrum output from the sample, in the 950- 

16 1 1 50 nm region has additional information about water, alcohols and acids, and 

17 protein content. For example, sample water content relates to firmness in most fruit 

18 with water loss occurring during storage. High pH fruit, often indicative of spoilage, 

19 can also be uniquely identified in the presence of other apples using a classification 

20 algorithm. 

21 The present disclosure is a non-destructive method and apparatus for 

22 measuring the spectrum of scattered and absorbed light, particularly within the NTR 

23 range Of 250-1 150 nm, for the purpose of predicting, by use of the applicable 

24 predictive algorithm, particular fruit characteristics including sugar content, firmness, 

25 density, pH, total acidity, color and internal and external defects. These fruit 

26 characteristics are key parameters for detetrnming maturity, e.g., when to pick, when 

27 to ship, when and how to store, and quality, e.g., sweetoess/soumess ratio and 

28 firmness or crispness for many fruits and vegetables. These characteristics are also 

29 indicators of consumer taste preferences, expected shelf life, economic value and 
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1 other characteristics. Internal disorders can also be detected, e.g., for Tasmania 

2 Jonagold apples, including disorders such as water core, core tot, internal 

3 browning/breakdown, carbon dioxide damage, and, in some cases, insect 

4 damage/infestation. The disclosure simultaneously utilizes 1): the visible absorption 

5 region (about 250-699 ran) that contains information about pigments and chlorophyll, 

6 2) the wavelength portion of the short-wavelength NIR that has the greatest 

7 penetration depth in biological tissue, especially the tissue of fruits and vegetables 

8 (700-925 nm), and 3) the region from 926-1 1 50 nm, which contains taformation 

9 about moisture content and other O-H components such as alcohols and organic acids 

10 such as malic, citric, and tartaric acid. 

1 1 Benchtop, handheld, portable and automated pacldng/sortmg embodiments 

12 are disclosed. The benchtop embodiment will generally be distinguished from the 

13 high speed packing/sorting embodiment through the greater ease of examining the 

14 sample 30 with more than one intensity light source 120 , i.e., lamps 123 or light 

15 sources 120 controlled with more than one voltage or power level or more than one 

16 exposure time. A benchtop embodiment discussed herein utilizes a dual intensity 

17 light source 120, e.g. by utilizing dual voltages or dual exposure times or other 

18 methods of varying the intensity of the light source 120 used to muminate the sample 

19 30. Alternatively, the light detector 80 may be operated to F°vide at least one 

20 exposure at one lamp 123 intensity and, for example, the light detector 80 may 

21 provide dual or a plurality of exposures at 1 lamp intensity. The method of providing 

22 dual or a plurality of exposures at one lamp intensity is accomplished as follows: the 

23 light detector 80 exposure time is adjustable through basic computer software control. 

24 In the computer program, two spectrum of different exposure times are collected for 

25 each sample 30. The benchtop method may, as preferred by the operator, involve 

26 direct physical contact between the sample surface 35 and the apparatus delivering 

27 the light source 120, e.g., at least one light detector 80 may penetrate the sample 

28 surface 35 into the sample interior. A high speed packing/sorting embodiment 

29 generally will be limited in the delivery or the exposure of the light source 120, 
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, dative to or at the sample surface 35, resulting from the limited time, usually a few 

2 milliseconds, the sample 30 will be in range of the light source 120. Multiple passes 

3 or arrangements of multiple light sources 120 and multiple light detectors 80, 

4 including photodetectors 255 and other Light detection devices, will permit, in the 

5 highspeed packing/sorting embodiment, the exposure of the sample to multiple light 

6 source 120 intensities. The handheld embodiment generally will allow sampling of a 

7 limited number of items by orchard operators, i.e., in inspection of fruit samples on 

8 the plant or tree, and from produce delivered for packing/sorting, to centralized 

9 grocety distribution centers or individual grocery stores. 

10 Obtaining data over the wavelength region of 250-1 1 50 nm is only possible 

11 using a multi intensity or multi exposure measurement, i.e., dual intensity or dual 

12 exposure as in the preferred embodiment. While one spectrometer can be used to 

1 3 cover the 5 00- 1 1 50 nm region, a second spectrometer is necessary to cover the 250- 

14 499 nm region. The number of different light source intensity or exposures required 

15 isder^dentonthecharacteri S ticsofthes^pleandofthedetector200. The 
] 6 spectrum acquired at longer detector 200 exposure times or higher light source 

17 intensity saturates the detector pixels, for some detectors, e.g., Sony TLX 51 1, or 

18 Toshiba 1201, from -700-925 nm, yet yields excellent S/N data from -500-699 nm 

19 and from -926-11 50 nm. The low intensity or shorter exposure time spectrum is 

20 optimized to provide good S/N data from 700-925 nm. Accurate firmness predictions 

21 of fresh and stored fruit requires the 700-925 nm region and the 500-699 nm, e.g., 

22 pigment and chlorophyll, plus the 926-1 150 nm region. Addition of the 250^99 nm 

23 region, e.g., yellow pigments known ^ ^ 

24 improve prediction of firmness and other parameters such as Brix, acidity, P H, color 

25 and internal and external defects. There is high correlation between the spectrum 

26 output from the sample 30 in the 926-1 150 nm region with water content. Stored 

27 fruit appears to have higher relative water content than fresh fruit and less light 

28 scattering. The chlorophyll and pigment of a sample 30 is predicted by correlation 

29 with the sample spectrum output 82 in the 250-699 nm region, with this correlation 
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1 likely being the most important for prediction of firmness of fresh fruit, while the 

2 longer wavelength water region may be more important for accurate firmness 

3 measurement of stored fruit* 

4 Just as m the longer NIR wavelength regions, the 700-925 ran region also 

5 contains absorption bands from carbon-hydrogen, oxygen-hydrogen, and nitrogen- 

6 hydrogen bonds, e.g., (CH, OH, NH). In the ease where protein is key component of 

7 ktere^meS^e-llSOrmiiegionisofgreatestmteiest. However, pre-sprout 

8 condition in grain, for example, can be predicted by examination of the sample 

9 output spectrum in the 500-699 nm region. 

10 The preferred embodiment of the apparatus is composed of at least one light 

1 1 source 120, a sample holder 5 including, for example a sorting/packing sample 

12 conveyor 295 and other devices and methods of positioning a sample 30, with at least 

13 one light detector 80, i.e. optical fiber light sensors in the preferred embodiment, 

14 detecting the sample spectrum output 82 to be received by a spectrum measuring 

1 5 instrument such as a spectrometer 170 with a detector 200, e.g., a CCD array, with 

16 the signal thus detected to be computer processed, by a CPU 172 having memory, 

17 and compared with a stored calibration algorithm, i.e., stored in CPU 172memory, 

18 producing a prediction of one or more characteristics of the sample. The at least one 

19 light source 120 and at least one light detector 80 are positioned relative to the sample 

20 surface 35 to permit detection of scattered and absorbed spectrum issuing from the 

21 sample. Bracket fixtures 275, brackets and other recognized positioning and affixing 

22 devices and methods will be employed to position light sources 1 20, light detectors 

23 80 and sample holders 5. Inthe preferred embodiment the positioning of the light 

24 source 120 and light sensor or light detector 80 will be such as to shield 84 the light 

25 detector 80 from direct exposure to the light source 120 and will limit the light 

26 detector 80 to detection or exposure of light transmitted from the light source 120 

27 through the sample 30. The light source 120 may be fixed in a conical or other cup or 

28 shielding container which will allow direct exposure of the light source 120 to the 

29 sample surface while shielding the light source 1 20 from the light detector 80. 
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1 Alternatively, the light detector 80 may be fixed in a shielding container, e.g., a shield 

2 84 or ambient shield 262, thus shielding the light detector 80 from the light source 80 

3 and exposing the light detector 80 solely to the light spectrum transmitted through the 

4 sample 30 from the light source 80 to the light detector 80. Hie spectrum detected by 

5 the light detectors 80, i.e., the signal output 82, is directed, as input, to at least one 

6 spectrometer 1 70 or other device sensitive to and having the capability of receiving 

7 and measuring light spectrum. In the preferred embodiment two or more 

8 spectrometers 170 are employed. One spectrometer 170 monitors the sample 

9 channel, i.e., the light detector 80 output 82, and another spectrometer 170 monitors 

10 the reference, i.e., light source 120 channel. If the lamp 123 is turned on and off 

1 1 between measurements, ambient light correction can be done for both light detector 

12 80 and Ught source 120 channel, e.g., spectrum collected with no light is subtracted 

13 from spectrum collected when lights are on and stabilized. Alternatively, the light 

14 source 120 can be left on and ambient light can be physically elinrinated using a 

15 shield 84 or ambient shield 262, such as a Hd or cover or appropriate light-tight box. 

16 The discussion of shielding of the Ught detector 80 composed of fiber optic fibers 

17 applies as well to photodetectors 255 and the utilization of light sources other than 
i 8 tungsten halogen lamps including for example light emitting diodes 257 . 

19 Another alternative with multiple sampling points and thus multiple light 

20 detectors 80, as with fiber-optic sensors, is to converge all or some sampling points, 

21 as depicted in Fig. 4, back to a single sample or light detector 80 channel 

22 spectrometer 170, e.g., using a bifurcated, trifurcated or other multiple fiber-optic 

23 spectrometer 170 input. Multiple or a plurality of sample points, i.e., light detectors 

24 80, provides better coverage of a sample 30, e.g., sampling is more representative of 

25 the sample 30 as a whole, or allows multiple points, e.g., on a conveyor belt full of 

26 product, to be measured by a single spectrometer 170 thus providing an "average" 

27 spectrum that is used to predict an average property such as Brix for all sample 30 or 

28 Ught detector 80 channels. 
29 
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Io ^ preferred embodiment two or more spectrometers 170, or at least two 
spectrometers 170 are used for reference and or measurement. A spectrometer 170 
used in gathering data for this invention utilized gratings blazed at 750 nm to provide 
coverage from 500-1 150 nm. Additionally, spectrometers 170 operating in the 250- 

5 499 nm wavelength region can be included to provide expanded coverage of the 

6 visible region where xanthophylls, e.g., yellow pigments, absorb light Information in 

7 toe oumut 82 sr^trum detect^ 

8 information, if a cutoff or long-pass filter is not used, from 500-550 nm, e.g., 

9 regarding Anthocyanin, which is a red pigment, has" an absorption band sparging the 

10 500-550 nm region, which improves classification or predictive performance, 

11 particularly for firmness, 

12 The spectrometers 170 used in the preferred embodiment have charge-coupled 

13 device (CCD) array detectors 200 with 2048 pixels or channels, but other array 

14 detectors 200, other light detectors 80, including other detector 200 sizes vis-a-vis 

15 arraysizeoromermemodofdetectors^ may be used as would be 

16 recognized by one of ordinary skill in the art One of the two spectrometers 170 

17 monitors the light source 120 intensity and wavelength output directly, providing a 

18 light source reference signal 81 that corrects for ambient light and lamp, detector, and 

19 electronics drift which are largely caused by temperature changes and lamp aging. 

20 The other spectrometers) 170 receives the light detector 80 signal output 82 from 

21 one or more light detectors 80 which are sensing light output from one or more 

22 samples 30 and/or one or more locations on a sample 30, e.g, at multiple points over 

23 a single sample 30, such as an apple, or at multiple points over a sample conveyor 

24 295 belt of apples, grapes or cherries, or a different sample 30, e.g., a different lane 

25 on a packing/sorting line, can be measured with each additional spectrometer 170. 

26 Each light sensor, e.g., light detector 80(photodetector 255 or other light sensing 

27 apparatus or method), in the preferred embodiment represents a separate sample 30 or 

28 different location on the same sample 30 or group of samples 30. Spectra from all 

29 spectrometers 170 are acquired, in the preferred embodiment, simultaneously. 
30 
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1 Depending on the type of spectrometer, A/D conversion can occur in parallel or series 

2 for each spectrometer (parallel preferred). The computer then processes the spectra 

3 and produces an output. Current single CPU computers process spectra in series. A 

4 dual CPU computer, two computers, or digital signal r^ssir^ (DSP) hardware can 

5 perform spectral processing and provide output in parallel. 

6 In an alternative embodiment spectra from the wavelength region from about 

7 250-1 150 nm, the near-mfrared spectra, is examined from samples 30, e.g., fruit 

8 including apples. In this particular experiment, a reflectance fiber-optic probe was 

9 used as the light detector 80. While the spectrophotometer 170 used to collect the 

10 data, i.e., sense the spectrum output 82 from the light detector 80, was a DSquared 

1 1 Development, LaGrande, Ore., Model DPA 20, one of ordinary skill in the art will 

12 recognize that other spectrometers and spectrophotometers 170 may be used. The 

1 3 spectrophotometer 1 70 referenced employed a five watt tungsten halogen light source 

14 120, a fiber-optics light sensor to detect the spectrum or output 82 from the sample 30 

15 and provide the light sensor signal input 82 to the spectrometer 170. Other lamps 123 

16 or light sources 120 may be substituted as well as other light sensors or light detectors 

17 80. The light detector signal input 82 to the spectrometer 170, in this embodiment, is 

18 detected by a charge coupled device array detector 200. The output from the charge 

19 coupled device array detector is processed as described above. Firmness and Brix 

20 were measured using the standard destructive procedures of Magness-Taylor firmness 

21 ("punch tesf') and refractometry, respectively. In this embodiment the NIK. spectra is 

22 detected by an array detector 200 which permits recording or detection of 1 024 data 

23 points. The 1024 data points are smoothed using a nine-point gaussian smooth, 

24 foU 0 v^rjya2nd-deriv a tivetiatKf0Tmati 

25 least squares (PLS) regression was used to relate the 2nd-derivative NIR spectra to 

26 Brix and firmness. To ensure that false correlation was not occurring, the method of 

27 leave-one-out cross-validation was used to generate standard errors of prediction. In 

28 cross-vaHdation^epredi^ 

29 Brix and firmness of me sample left out is then predicted and the process repeated 
30 
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1 until all samples have been predicted. The validated model can then be used to 

2 nondestructive* predict Brix and firmness in unknown whole fruit samples. This 

3 information guides harvest decisions indicating time to harvest, which fruit is suitable 

4 for cold storage, where the fruit is classified from acceptable to unacceptable 

5 characteristics of quality or consumer taste, which fruit to be removed from the 

6 sorting/packing operation as not meeting required characteristics, e.g., firmness, Brix.. 

7 color and other characteristics. 

8 This disclosure of embodiments of an apparatus and method is directed to the 

9 simultaneous measurement and use of more than one spectral region from a sample. 

10 In this embodiment the use of the chlorophyll absorption region and the NIR region, 

1 1 including the highly absorbing 950-1 150 O-H region, is accomplished by exposing 

12 the sample, e.g. apple, to more than one intensity source of light or by exposing the 

13 light detector 80 at more than one exposure time, e.g., a dual intensity source of light 

14 or at least two intensities of light, or by detecting light from a sample with more than 

15 one light detector 80 such that each light detector 80 is sensitive to a different 

1 6 spectrum, e.g., by filtering one or more light detectors 80 with filtering either between 

1 7 the sample 30 and the light detector 80 or between the light detector 80 output 82 and 

18 the spectrometer 170 input. Fig. 1 illustrates filtered light sources 120 allowing 

19 exposure of the sample 30 to different light intensities. Fig. 2 illustrated the use of 

20 more than one light detector 80 where filtering between the sample 30 and light 

21 detector 80 allows detection of different spectral regions. Shown in Fig. 3A, where 

22 the light source is a plurality of discrete wavelength LEDs 257, is an embodiment 

23 wherein the sample is exposed to a plurality of light intensities. The intensity of the 

24 light source 120 will be selected to provide light output to the light detector 80 which 

25 vriUgiveorrtimalS/NdatammedeWsp^ In a first pass a light source, 

26 e.g., a lower intensity light source, is used to muminate the sample, e.g. apple, to 

27 obtain data, with an acceptable S/N ratio, in the 700-925nm region. At higher (>925 

28 nm) and lower (<700 nm) wavelengths, the spectrum is dominated by noise due to the 

29 low light levels and is not useful. In a second pass a higher intensity light source is 
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1 selected to illuminate the sample, saturating the detector array at the 70O-925nm 

2 regions while obtaining data with an acceptable S/N ratio, in the red pigment region 

3 of 500-600 nm, the chlorophyll region of 600-699mn and in the O-H region of 926- 

4 1 OOOnm. The data from each of the two passes comprises separate data inputs 

5 delivered to an analog to digital converter for computer processing. Same 

6 spectrometer and A/D for benchtop unit, where the two spectra are acquired 

7 sequentially. For on-line, two spectrometers are used, each with its own A/D. In one 

8 embodiment A/D cards external to the computer axe utilized which are serial and are 

9 provided by Ocean Optics. This process is provides for multiple channels into a data 

10 analyzer for analysis by software. In this embodiment Ocean Optics drivers, hereafter 

11 referred to as drivers, accept MS "C or Visual Basic to 1) determine the spectrum 

12 detected from the sample or 2) subject the data to the predictive algorithm and 

13 produce the output Display control computer programs or software periodically 

14 requests drivers to deliver the spectrums to be combined. The digital combination 

1 5 then produces, with standard display software, the output display representing the 

16 entire spectrum ranges detected from the each sample. There may be, for each 

1 7 sample, multiple spectrum data. For example the spectrum sampling protocol may 

18 seek 50 spectrum samples during each of the multiple passes, e.g., 50 specttum 

19 samples during the pass subjecting ihe fruit sample to the lower intensity light source 

20 and separately 50 spectrum samples during the pass subjecting the fruit sample to the 

21 higher intensity light source. The total duration of each pass will be determined by 

22 the speed of the sorting/packing line and may be lunited to approximately 5ms per 

23 sample. However, it will be recognized, for all embodiments and sample types, that 

24 other sampling times and strategies wM be within ihe realm of use for the invention 

25 disclosed herein as different samples and different embodiments are employed- 

26 Where the samples being processed, on a sorting/packing line, are apples, there is 

27 expected to be little space between each successive apple. Spectrum obtained from 

28 the space between apples and at the leading and trailing sides of the sample or apple 

29 will be discarded. As the sample, i.e., apple or other fruit, moves under the light 
30 
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1 detector 80, the spectrum data detected will be that exiting the sample 30 

2 representative of the portion of the sample 30 constituting the path between the point 

3 of exposure of the sample 30 with the light source 120 and the point of spectrum exit 

4 for detection by the light detector 80. By mathematical inspection of each spectrum, 

5 e.g., automated inspection via a computer, this method can determine whether light 

6 detected by the light detector 80 is from an apple or the empty space between apples 

7 in a sorting/packing line sample conveyor 295. This method can also detect the 

8 leading and trailing edges of an apple as it passes by the light detector 80 having an 

9 output 82 to a spectrometer 170. From this data, discrimination can occur to select 

10 specific spectra samples which, for example, are expected to be from the midsection 

11 of the sample or apple. Using mathematical inspection of each spectrum (on-line) to 

12 determine if it is a good apple spectrum or a spectrum of the line material. The cycle 

13 detected by the light detector 80 thus, for each sample 30 in the on the sample 

14 conveyor 295 of a sorting/packing line, is composed of an initial segment where the 

15 light detector 80 or pickup fiber is exposed to only ambient light with a light shield 

16 284 between the light detector 80 and the light source 120. As the sample 30, e.g., 

17 apple, moves into contact with and under the light shield 284, which may for example 

18 be a curtain 285, the leading edge or side of the apple will commence to be revealed 

19 permitting the light detector 80 to detect spectrum output 82 from the apple. 

20 Continued movement of the sample 30 under the light shield 284 exposes the light 

21 detector 80 to spectrum output 82 from the sample 30 until the sample 30 moves to 

22 the point where the trailing edge or side of the sample 30 is remaining exposed to the 

23 light source 120. The sample 30 then moves past the light shield 284 and all light 

24 from the light source 120 is blocked between the light detector 80 and the light source 

25 120. Thus the initial spectra detected by the light detector 80 will be at the leading 

26 edge or side of the sample 30 as it approaches the curtain 285. The intermediate 

27 spectrum measurements, between the initial time at whkh the leading edge of the 

28 sample 30 is exposed to the light source 1 20 and the time when the trailing edge or 

29 side of the sample 30 is exposed to the light source 120, will include those where the 


30 57 


Received from < 5097353585 > at 1« 5:47:18 PM [Eastern Daylight Time] 


OCT. 03 '2003 13:44 5097353585 LIEBLER, IVEY « CONNOR #3697 P. 059/070 

1 light detector 80 or light pickup is optimally positioned to detect spectra most 

2 representative of the characteristics of the light spectra output 82 from the sample 30 

3 as the light source 120 illviminates the sample 30, e.g., apple, other fruit or other O-H, 

4 C-H or N-H materials. In the preferred embodiment, for ease of data processing, the 

5 light detector 80 analog output 82 is converted to digital data by an A/D card. 

6 Computer program or software tests the data for acceptance or discarding. The 

7 criteria for acceptance of each spectrum sample 30 is a predetermined spectral feature 

8 determined by the expected spectral output 82 of the sample 30, e.g., where the 

9 sample 30 is an apple, i.e., the criteria will be to detect a spectrum from 250 to 

10 1 ISOnm falling within the spectra expected for an apple. The detection of the space 

1 1 between apples, in the sorting/packing line, will be recognized as not apples. This 

12 spectrum acquired for each sample 30 is the mput to me pi^dictive algorithms as 

13 indicated by the flow diagram of Fig. 1 C. Multiple spectrum, for example fifty 

14 spectrum, are detected by the light detector 80 for each sample. The computer 

1 5 program compares each detected discrete spectrum with an expected spectrum from 

16 the particular sample, the spectrum not meeting the criteria are discarded, the retained 

17 spectrum, e.g., 40 - 50 samples, are combined to provide the spectrum which 

18 becomes the input for the predictive algorithm. Multiple spectra from the same apple 

19 are averaged to provide a single average spectrum representing multiple points on the 

20 anple-theapplemaybespinnrngasit^^ 

21 clockwise in relation to the direction of sorting line travel with better measurement 

22 indicated with counterclockwise motion of the sample, thus giving even greater 

23 coverage of its surface. Once the average absorbance spectrum for a sample is 

24 calculated, the spectrum is multiplied by the regression vector (via a vector 

25 multiplication dot product). The regression vector is obtained from previous 

26 calibration efforts and is stored on the computer. There is a separate regression 

27 vector for each parameter being predicted - e.g., firmness, Brix. The results of the 

28 processing the spectrum output 82 by the predictive algorithms will determine the 

29 predicted characteristics of the sample 30. The characteristics determined for each 
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1 discrete sample 30, e.g., apple or other fruit, will be used for decision making in 

2 handling or disposition of the sample 30 including, for example, 1) in the 

3 packing/sorting line different characteristics will be used for sorting and packing 

4 decisions, e.g., by color, size, firmness, taste as predicted by acidity and Brix and 2) 

5 characteristics indicating spoilage may trigger memodsof elirnination of the 

6 particular sample 30 from the packing/sorting line. 

7 Packing and sorting of apples will likely involve multiple packing/sorting 

8 Ulumination or light source 120 and light detector 80s for each line. Where the 

9 sample 30 is comprised of smaller fruit, e.g., cherries or grapes, there may be 

10 multiple light sensors with single or multiple light to interrogate or examine and 

1 1 gather data from a toy of such smaller fruit rather than on the basis of examination of 

12 each discrete cherry or grape. For each sample 30, data is acquired, tested to 

13 determine if the data corresponds to preset criteria with data selected which meets 

14 preset criteria and discarded if it fails to meet preset criteria. Data received by light 

15 sensors is then combined to compose the total spectrum sampled. The total spectrum 

16 is men compared with the predictive algorithm and decisions are made regarding the 

17 sample 30 deluding, for example, sorting/packing decisions. The results of the 

1 8 comparison of the total spectrum with the predictive algorithm provides a number or 

19 other output for end use including information for computer directed sorting 

20 equipment. 

2 1 Operation of the light source 120 is enables the rapid acquisition of 

22 reproducible data with good S/N, even in me highly light scattering and absorbing 

23 250-699 nm and the strongly absorbing >950 ran region. The lamp 123 in the 

24 preferred embodiment is a 12-Volt, 75-Watt tungsten halogen lamp. However, other 

25 light sources which may be used include but are not limited to light emitting diode, 

26 laser diode, tunable diode laser, flash lamp and other such sources which will provide 

27 equivalent light source and will be familiar to those practiced in the art. The lamp is 

28 held at a resting voltage of 2-Volts. When a measurement is taken, the lamp is 

29 ramped up to the desired voltage, a brief delay allows the lamp output 82 to stabilize, 
30 
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1 then spectra are acquired. After data acquisition, the lamp is ramped down to the 

2 resting voltage. This procedure extends lamp life and prevents burning the sample. 

3 In high speed operations the lamp may always be lighted, e.g., on a high-speed 

4 packing/sorting line or used on harvest equipment, and a light "chopper' or shutter or 

5 other equivalent article or method could be utibzed to deliver light to the passing 

6 sample for a determined period of time. The operation of the light source is 

7 important in extending lamp life, reducing operating expense and reducing disruption 

8 of operations. The lamp 123 voltage is ramped up and down to preserve lamp 123 

9 life and to lessen the likelihood of burning fruit. A standby voltage to keeps the lamp 

10 123 filament warm. An ambient/room light background measurement is made to 

1 1 correct for the dark spectrum, which may include ambient light It is stored and 

12 subtracted from the sample and reference (if applicable) so that there is no 

13 contribution of ambient light to the sample spectrum, which would affect accuracy.. 

14 Dual intensity illumination is employed to: 1) improve data accuracy above 925 nm 

15 and below 700 nm and 2) to normalize path length changes due to scattering. Dual 

16 exposure time increases the likelihood of increased data quality with large and small 

17 fruit. Utilization of more than one light detector 80, with each positioned at different 

1 8 distances from the sample, will likewise increase the ability to obtain increased data 

19 quality throughout each portion of the spectrum from approximately 250mn to 1 150 

20 nm. 

21 Other steps in determining predictive algorithms included reference 

22 determination of pH using electrode measurement and reference determination of 

23 total acidity using end-point titration of extracted juice. Correlation between the NIR 

24 spectra and the reference data (jpH and total acidity) was conducted- Methods known 

25 tomosepi»cu\xdratheartsucha^ 

26 the correlation of me spectrum with a chosen parameter such as pH.. Once 

27 correlation is established, PLS is used to generate a regression vector from the 

28 calibration samples. This regression vector is then used to predict sample properties 

29 by taking the dot product of the sample spectrum and regression vector. NIR analysis 
30 
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1 can be carried our directly on the juice yielding very high correlations with Brix ? pH ? 

2 and total acidity. A commercially available "dip probe* is used that is a common 

3 item available from optical fiber fabricators or from companies involved in process 

4 analysis. In addition to the use of PLS for quantifying Brix 5 firmness, pH and acidity, 

5 Principal Components Analysis (PCA) was performed on the NIR spectral data. PCA 

6 differs from PLS in that no reference data is required. PCA allows classification of 

7 firm vs. soft apples and low pH vs. high pH samples. This classification algorithm is 

8 sufficient to achieve the goal of product segregation. Using PCA, poor quality fruit 

9 can be removed from a batch and the highest quality fruit can be segregated into a 

10 premium class. Poor quality fruit was observed to often have a higher pH level than 

11 good quality fruit. 

12 Fig. 4 illustrates an alternative embodiment of the disclosure and includes at 

1 3 least one light source 120 transmitted by a transmitting article, for example a fiber 

1 4 optic fiber or other equivalent article for transmitting light; a sample 30 having an 

15 sample surface 35; input mechanism of positioning light from the at least one light 

16 source 120 proximal the sample surface; at Jeast one Ulumination detector; output 

17 mechanism of positioning the at least one illumination detector proximal the sample 

18 surface; the at least one light source 120 and the at least one illumination detector 

1 9 may be positioned in relation to the surface or against the surface by a positioning 

20 article provided, for example, by a positioning article spring biased against the 

21 surface of the sample; the pressure against a sample surface, by an at least one light 

22 source 120 or an at least one illumination detector, will be limited by surface 

23 characteristics of the sample and/or the character of the measurement process, i.e., 

24 pressure may be reduced where a sample is subject to surface damage or where the 

25 measurement process is in at high speed limiting the time permitted for each separate 

26 sample contact. The illumination is transmitted to the surface, for example by fiber 

27 optics or other equivalent manner, and at least one device or method of measuring the 

28 illumination detected from the sample. The light source, for the disclosure herein 

29 may be a broadband lamp, which for example, but without limitation, may be a 
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1 tungsten halogen lamp or the equivalent, which may produce a spectrum within the 

2 range 250-1150 nm and have a filament temperature of of 2500 to 3500 degrees 

3 kelvin; other broadband spectrum lamps may be employed depending upon the 

4 sample 30, characteristics to be predicted, and embodiment utilized; the at least one 

5 device or method of measuring the iUumination may be a spectrometer having at least 

6 one input; the at least one spectrometer may include, for example, a 1024 linear array 

7 detector with those of ordinary skill in the art recognizing that other such detectors 

8 will provide equivalent detection; the at least one illiimination detector may be a light 

9 pickup fiber or other equivalent detector including for example a fiber optics light 

10 pickup; the at least one illumination detector collects a spectrum which is received by 

11 the at least one spectrometer input; the sample in this embodiment is from the 

12 chemical group of CH, NH, OH or the physical characteristics of firmness, density, 

13 color and internal and external defects. Additionally, the light source 120 may 

14 comprises a plurality of illumination fibers. In this embodiment a plurality of 

15 iUumination fibers may be arrayed such that each of the plurality of illumination 

1 6 fibers is equidistant from adjacent illumination fibers; the at least one illumination 

17 detector may, in this embodiment, be positioned centrally in the array of ilromination 

18 fibers. In an embodiment of this disclosure, the plurality of illumination fibers may, 

19 for example, be comprised of 32 illumination fibers and the light source 120 may be 

20 provided, for example, by a 5 w tungsten halogen lamp or other equivalent light 

21 source or by a plurality of iUumination sources provided for example by at least two 

22 light sources such as, for example, at least two 50 Watt light sources. Ulumination 

23 sources may be composed, for example, of sources having a focusing ellipsoidal 

24 reflector with cooling fan. In this embodiment the at least one mumination detector 

25 may comprise a plurality of light detectors 80, which may for example, be arrayed 

26 such that each mumination detector is equidistant from adjoining light detectors 80; 

27 where at least two light sources are positioned are employed, they may for example 

28 be positioned 45 degrees relative to the illumination detectors, in the array of 

29 illumination fibers. In an additional embodiment of this disclosure, a plurality of 
30 


62 


Received from < 5097353585 > at 10)3103 5:47:18 PM [Eastern Daylight Time] 


OCT.03'2003 13:45 5097353585 


LIEBLER, IVEY S CONNOR 


#3697 P. 064/070 


1 light detectors 80 may be comprised of twenty-two illumination detectors. An 

2 embodiment of the disclosure may be comprised of at least one light source 120 

3 composed of a 5 w tungsten halogen lamp; the at least one Murnination detector is a 

4 single detection fiber; the light source 120 is positioned against the sample 30 degrees 

5 distal to the detection fiber. If the measurement of the sample surface is made in a 

6 non-contacting manner, an alternative embodiment may include a polarization filter 

7 between the light source 120 and the sample, provided, for example by a linear 

8 polarization filter or an equivalent as understood by one of ordinary skill in the art; a 

9 matching polarization finer is positioned between the at least one illununation 

10 detector and the sample, which may be provided, for example by a linear polarization 

1 1 filter rotated 90 degrees in relation to the polarization filter between the light source 

12 120 and the sample. 

13 The method described above, which uses wavelengths of both visible 

14 radiation (250-699 nm) specifically chosen to include the absorption band for yellow 

15 color pigments (250-499nm), red color pigments (500-600 nm) and green pigments 

16 or chlorophyll (601-699 nm), as well as NIR (700-1 150 nm) radiation to correlate 

1 7 with Brix, firmness, pH, acidity, density, color and internal and external defects can 
1 S be carried out using a variety of apparatuses. 

19 while a preferred embodiment of the present disclosure has been 

20 shown and described, it will be apparent to those skilled in the art that many changes 

21 and modifications may be made without departing from the disclosure in its broader 

22 aspects. The appended claims are therefore intended to cover all such changes and 

23 modifications as fall within the true spirit and scope of the disclosure. 
24 

25 
26 
27 
28 
29 
30 
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1 NEW MATT^TI T-OTXOWS FOR CH- eei 

2 j j ^ul uuuliuUi"" 0'>/5i4.329 f litted AN AIT ATI ATT JO AND- METHOD TOR 

3 tvit; AnuniNO and oomvEijATiNa cnAJiA rTT.nimncs or nturr wrs 

4 VISIBLE/NEAR INTRA-RED SPECTRUM to O -muiih tu filed Mai th Ur2Wftr 

5 
6 

7 A TW1TTTONAI j TTRTnF DESrniTITON OF TTTE DRAWINGS 

g rig 9 is an elevation depicting an additional embodiment of tlxo iuvinUou 

9 aiuiomUaLiiig at luut urn. ligliL di-lnlui 00 having uu output 02 to a i.uimumiULf 170 

10 Laving a diliUui 200. A lullummaUni, luii. 70 u imuuiuliaU. Oil ul lcajt o ne 

11 dcl^Llui 00 uud u .muiuh. 30. Tlio d i Lttxtcu 80 po.uliouul lu diia light fiom the 

12 sampL 30. Lhjht wwu. 120 kmpi 123, a em 250 jjHiimcdiati On lifclil ^umu, 120 

13 lamp 123 and a.miupli 30 umv i jid l»j > ^auplt umnjoi 295. Au ap wtuii 310 

14 alio iUiuiiinalioii of the &ampk 30 at ligUL ^umu. 120 lamp 123. A luU 

15 Kslu iJUuttu 1 300 uiiuumdiati die liglil auluu, 120 lamp 123 and apertuii 310. The 

16 HfelU ihutt i j 300 o puablu by jlimiu upuatii^ m t aus. The tJmlU-i umt r ul means 305 

17 tccuiiiiig mua o l MguaU from a CTU 172 having jliullu opuadng ujuUul output 

18 307. A iftfaeiiLL light LaiumiHing muni 81 mdudhig, flbu"opdii m,u » Lib 

19 njqmu, light output -Quiu die light wmm. 120 lamp 123. A iifuuin light flutte r 

20 Sfrl - iuluuKdiatt; lln light wmu 120 lamp 123 and die itfcimu. light uaiumitting, 

21 mem 01. TM tifuuuvu lijJU ahullu 301 operable \ > y riiu tle i tonliol means 305. 

22 Tilt iifumcc. light .mut t e r 301 shutter couUol miam 305 imping mnUol ^iguab 

23 Qum a CTU 172 having a dmUm opualing wnUul uulput 307. The wJUuull ligjit 

24 UauMuilling ntuuu. 01 uiuviding an input to die .tunltumttu 170. T he CTU 172 

25 piuviding lamp p u wn output 12J t o die lig h l wuitt 120 lump 123. TU. spuitrometer 

26 170, icccivmg input llum l e fctcau. light uanmiUting rmam Bl havui& output 02 

27 i cc eimd a& iu input to die, CPU 172. The spuUumUU output 02 uipabli of AP 

28 LOiiVLiAiou t o foiin input to the CTU 172. TIil AutLuuniitu 170> iwemug mput 

29 fiuiii dULcloi output 02 iiuivid ai> iu iupm to dit OrU 172. Muuutimj, meam 
30 
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1 indicated aa described in odiu figure to light sources 120 lamps 123, d c tcctors - 80, 

2 shu t ters 300 r shuttc r e o utiul mmu 305, reference light transmitting means 81 and 

3 case 250. Cucudcr/puisc g e n er at o r 330 - L up ut t o CPU 172 pi o viOing sample co nv e y o r 

4 2 9 5 movement data. Comput e r program t o operate CPU 1 72 in data coll e ction and 

5 cunliol f millions. 

6 Fig. 10 illustiates using s p ec tro ycvpi c- sens or s -f Wmcasming fr uits and vegetables 

7 wliik, in motion uu a sample convcyoi 2 9 5. 3hvw» is a sample 30 with proximity sensing 

8 means 340. D e niunstialed i s the sample cunveyui 2 9 5, a case 250, cullmiiating lens 78. 

9 Fig. 1 OA is a section fimn Tig. 10 illusualing the pi oA imity sensing means 34fr4n 

10 the form of jicilcctaftce means. 

11 rig. 1 1 illustiat e s the maimer o f taking a reference nwaswcjncul of the light source 

12 120 lam p (s) 123 whuc intimi t y vs. wauuLufc l li output can alsu be ubtaincd using l e flecting 

13 means 360. R e flecting; means 360 nuv be inserted via an apeUmc 310, fox example in a case 

14 250, when a l e f e rence measurement is to bt made as dicta t ed by reflecting cont ro l weans 

15 308 as an o u tp ut from a CPU 172. The CrU 172, via means, will detect the pieseuec or 

16 ab s ence o f a - sample 30 and, when n siun p L 30 is absent foi "n" Lime increments ui sample 

17 conv e y or 295 movements will piov ide a ieiltctii ' i6 eouuul means 308 cuntiol signal t o 

18 leflcctiug p o sition means 300, e.g., lincai actuatoi oi ioUay sol e noid operat e d by 

19 means, e.g., m e chanical driven by electrical, pneumatic, hydiaulic o r o the r p owe r 

20 means r 

21 Fig, 12 an d 13 illus tr a t e the mechanical inse rt i o n of ltfuuice means 430 in or near 

22 the location whciu ac t ual sample 30 is n or mall,y iiicasmeiL hiseiliuii is by ins erlion means 

23 including, bul not limited lu an actuatoi system 400, 

24 Fig. 14 and 14A illusliate a means of mducmg the w i dtf i of apparatus s tr uc t ure by 

25 mounting ligh t source 120 lam p s 123 distal fr om a sample 30 wills spccUmu fimu the sample 

26 30 diluted by icilcetiufe means 300 and luu 7 0 oi wfewjocc ligh t t ransmissi o n means 

27 320 wilhspcctuJicctivcd vlaapciUncs31Q. 

28 F iy>5 and 15A illustiates speeUa d e tection from sample 30 othci than discrete 

29 n i L i c iii u iLs such as apples, including, for tAamplc potato chips, whetc light juwee 120 
30 
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1 lAiupi. 123 illumiium, the auupM*) 30 with deuxlui ' 5 CO >eM/miufe i»pul Hghi detect or 

2 o ulpuL 02 touDLjiul iu iupul Ui jpLfc tro MClua 170 dt.Lu.Uuj 200. lu thu illm Uatiun a lens 

3 HQ ij dipictul bawLLii tin wmpli 30 aiid Hie dctcUm 00. lllimualium 15 a id ISA depict 

4 in detail, with filtu 130 mid mouiltiiig m e ans, a &iu&le deitxtor 00. 

5 A CPU 172, muUuHedby c o mpu t et p i ^am, u wt de p icted hi fig. 10, 10A, 11, 12, 

6 13, 14, 14A, 15 w 1 5A as a pe r s o n o f ordinary skill will appreciate such s tructure from 

7 v i ewing o tl i ev d r awings pic»cnted herein. 
$ 

9 
10 

U ADTOTTONAI ■ DETAILED TffiSCRIPTION 

12 Overview of calibration of visible/NIR sdWOTJU 

13 Required calibration was addressed in the Parent Application 09/524,329, in 

14 paragraphs, identified by page/line by pn/ln, as follows: 1/18; 3/17, 22, 28; 4/2; 8/8: 

15 9/4; 9/14; 12/16; 16/8; 22/5; 31/21; 33/19; 39/10; 43/4; 47/1; 52/13 etc. Calibration 

16 of spectroscopic maturity and quality sensors involves building algorithms that relate 

17 the visible and near infrared spectrum of an individual fnrit or vegetable to one or 

18 more of the following: Brix (including, but not limited to sugar content, or sweetness, 

19 or soluble solids content); acidity (mcluding but not limited to total acidity, or 

20 sourness, or malic acid content or citric acid content or tartaric acid content); pH; 

21 firmness (including but not limited to crispness or hardness); internal disorders or 

22 defects including but not limited to watercore, browning, core rot, insect infestation. 

23 Furthermore, the individual property data collected above can be combined as 

24 follows: using the ratio of the sugar content to acid content to better predict eating 

25 quality, taste, sweet/sour ratio; using the combined data from two or more of the 

26 following: sugar content, acid content, pH, firmness, color, external and internal 

27 disorders to better predict eating quality. 
28 

29 
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1 Integrating visihlc/NIR sensors with packin g, sorting and conveyance 

2 systems and synchronizing data acq u isition with nrodoct logatfon/posffipn,,tp 

3 nptimnrp collection of sample data, an d reference and standardization data. 

4 Sensing sample data including the presence or absence of a sample was 

5 addressed in the parent in paragraphs, identified by page/line by pn/ln, as follows: 

6 20/20; 3678 etc. Using spectroscopic sensors for measuring fruits and vegetables 

7 while in motion on a sample conveyor 295 system in sorting and packing warehouses 

8 is illustrated in Fig. 10 and Fig. 10A and is done as follows: The presence or absence 

9 of a sample 30 and the position/location of the sample 30 relative to the point of 

10 spectrum measurement is determined using one or more of the following means: 1) 

11 sample 30 position determination means and or sample conveyor 295 position 

12 determination means, provided for example by an encoder or pulse generator 330, as 

13 seen in Fig. 9, integral to the sample conveyor 295 and detecting sample conveyor 

1 4 295 movement, provides one or more electronic or digital signals to a CPU 1 72 

1 5 which initiates, by computer program control, control signals to initiate and stop 

1 6 acquisition of spectra, 2) the spectrum itself is automatically inspected using 

1 7 computer programs or programmed hardware, e.g., digital signal processors, to 

18 detennine if the sample 30 being measured is at the optimal locations) for spectrum 

19 measurement, 3) a proximity sensing means 340, including proximity sensors of, but 

20 not limited to, magnetic, inductance, optical, mechanical sensors; and also known as 

2 1 object presence sensors, such as thru-beam or reflectance sensors 341, is used to 

22 provide information about the position, i.e., orientation or location of the product on 

23 the packing or sorting line relative to the NIR sensor, e.g., light detector 80, and/or 

24 size of the sample 30, such proximity sensing means 340 and their use being of 

25 common knowledge to those practiced in the art of industrial processing object 

26 presence sensing. The proximity sensing means 340 can be placed 1,2,3 or ...n 

27 units of length, e.g., cups or pockets or conveyor belt length, before the NIR sensor, 

28 e.g., detector 80, to indicate if 1, 2, or 3 or,..n more empty spaces, e.g., cups or 

29 pockets or a denned and known length of conveyor belt, are present in sequence, thus 
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1 allowing a greater amount of time for performing dark spectra and/or reference 

2 spectra and/or standard/calibration samples. Using one or more of the above 

3 methods, the presence or absence of sample(s) 30 is determined over a defined length 

4 of the particular sample conveyor 295 system. If sample(s) 30 is present, multiple 

5 visible and near-infrared spectra are acquired as the sample 30 passes by the light 

6 source 120 lamp(s) 123 providing light detector output 82 and spectrometers) 170 

7 detector 200 input; such light collection may be achieved using a collimating lens 78 

8 and or other light transmission means including for example fiber-optics to transfer 

9 the light that has interacted with the sample 30 to the spectrometers) 1 70 detectors 

10 200. If no sample 30 is present, other reference measurements are made to improve 

1 1 stability and accuracy such as previously mentioned dark spectra, reference spectra 

12 (lamp intensity and color output), and standard/calibration samples, which may be 

1 3 optical filters or polymers or organic material with known and repeatable spedial 

14 characteristics. Measurements that arc made when no sample is present include, but 

15 are not limited to 1 ) measuring a reference spectrum (intensity vs. wavelength) of the 

1 6 light source(s), 2) measuring the dark current (no light conditions) of one or more 

1 7 spectrometers) 1 70 detectors) 200, including but not limited to the sample 

1 8 spectrometers) 1 70 and the reference spectrometers) 1 70, and 3) standard or 

1 9 calibration samples or filters 1 30 or material. 

20 Obtaining a ftpecfrnunof the lamnfs) for determining reference lifcfrt 

21 out put and ob t aining baseline dark enrrent spectra from detectorfsV Botfr 

22 reference and dark spectra are used with sam ple spectrum to calculate the 

23 products absorban ce spectrum. 

24 Reference to reference, baseline and dark spectra was addressed in the parent 

25 in paragraphs, identified by page/line by pn/ln, as follows: 12/18; 39/10; 52/14 etc. 

26 The reference measurements to account for changes in light source intensity or color 

27 output can be obtained using a reference Light transmission means 320, e.g., a fiber- 

28 optic bundle which may be furcated, a light pipe or other means of transmitting light, 

29 with a common end 322 providing input to a reference spectrometer 1 70, and, where 
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1 furcated, one or more branched ends 8 1 , each of which is mounted by means to allow 

2 only light from the light source 120 lamp(s) 123 to enter the reference light 

3 transmission means 320* A light shutter 300 is placed between each light source 120 

4 lamp 123 and each reference light transmission means 320. The at least one light 

5 shutter 300 can be opened and closed separately by shutter control means 305 

6 including, for example, driven by a linear actuator or rotary solenoid or other 

7 mechanical or pneumatic device, or all al once. 

8 Each light source 120 lamp 123 in the system can be measured separately to 

9 determine if it is faulty or if it will soon need replacement based on a stored intensity 

10 vs, wavelength spectrum profile. The combined intensities from the reference light 

1 1 transmission means 320 is used as the reference spectrum for purposes of calculating 

12 an absorbance (or log 1/R) spectrum, which is linear with concentration (e.g., percent 

13 Brix or acidity or pounds of firmness, etc.). 

14 Closing all of the light shutters 330 of the reference light transmission means 320 

1 5 allow a dark current (no light condition) measurement of the spectrometer 1 70 detectors) 

16 200. The dark current is largely affected by temperature and must be periodically measured 

17 and its intensity value at each wavelength (or detector) pixel subtracted from the reference 

18 spectrum obtained with the shutters 330 open. 

19 The sample spectrometer's ] 70 detector 200 dark current must also be periodically 

20 measured by closing light shutters 330 that are placed between the light source and the 

2 1 sample 30 f or between the sample 30 and the sample spectrometer light collection fiber, seen 

22 here as detector 80 and detector output 82, or between the light collection fiber and the 

23 spectrometer 1 70. Similarly to the reference measurement, the dark current of the sample 

24 spectrometer 1 70 must be subtracted from the sample spectrum obtained with the shutters 

25 330 open. It will be appreciated that reference measurement must be made with respect to 

26 the spectrometer 170 used for light source 120 lamp 123 measurement as well as for the 

27 spectrometers 1 70 used to acquire detector 80 spectrum output 82 as processed in the 

28 computer program controlled CPU 1 72 in association with algorithms for the 

29 characterization of samples SO- 
SO 

69 
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